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LETTER OF TRANSMITTAL. 

Ralkigh, N. C, January -U, 1S95. 

To h'lH Excellency y Hon. Elias Cark, 

Governor of yorth Carolina. 

Sir: — I have the honor to submit herewith for publication as 
Bulletin No. 7 of the Survey series, a paper by Mr. W. W. Ashe, 
on the subject of Forest Fires in Nortli Carolina; their destructive 
work, causes and prevention. 

It is earnestly hoped that the people of the State can be induced 
to give this subject the careful consideration which it deserves, 
and that such measures can be adopted as will greatly decrease 
both the number and extent of these fires. 

Yours obediently, 

J. A. Holmes, 
State Geologist. 



INTRODUCTION. 



The object wliicli it is hoped will be accomi)lishe(l in the publi- 
cation of this bulletin is to place in the hands of the more intelli- 
gent citizens of the State facts showing the extent to which our 
forests are being injured by tires, and the importance of adopting 
such measures as will check or stop this great evil. 

Nothing better illustrates the state of i)ublic opinion in North 
Carolina on the subject of forest fires than that the fact that tlie 
State law prohibiting such fires, except under certain conditioUvS, 
has remained on the statute books practically unchanged and 
unenforced for more than a century. And nothing more forcibly 
illustrates the destructive work of these fires than the fact that 
whereas the long-leaf pine, which has for so long a time supplied 
both lumber and naval store products, a century ago was a com- 
mon tree througliout the whole of eastern North Carolina, now it 
is almost unknown north of the Neuse river; and south of this 
river, at its present rate of destruction, in two decades more it 
w411 cease to be a tree of economic importance. Of course tlie 
lumbermen have made great inroads on the long-leaf pine forests. 
But even of the full grown trees the fires have destroyed more 
than the lumbermen have cut; and so c()m{)letely have these fires 
destroyed the young growth of long-leaf pine that in many counties 
scarcely a specimen can now be found to indicate where once grew 
valuable forests of this tree. 

Among the hardwoods or deciduous trees of the middle and 
western counties, during the century, the fires have been of incal- 
culable damage to the forests, and in ways that a|>pear to attract 
but little attention : (1) They have injured the mature trees at their 
bases, causing them to decay and die; (2) they have destroyed the 
young growth of the less hardy (but sometimes more valuable) 
varieties; (3) in case of the more hardy varieties the young growth 
has been frequently killed to the ground, and the new sprouts from 
the roots have im|)erfect bases and make subsequently imperfect 
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trees; (4) these fires destroy the humus on the surface of the soil, 
and thereby seriously injure its productive cai)acity. 

The injuries resulting from forest fires are thus so manifold and 
extensive that it is diflicult to estimate them accurately on a money 
basis. But adding to the estimate given on pages 53 and 54 of 
this report the damage resulting from the destruction of the 
young growth and the humus, the aggregate damages will doubt- 
less be several million dollars per annum. 

Many of the forest Hres have accidental origins, such as sparks 
from locomotives or other engines, hunting parties or camping 
parties at night, or from burning brush piles during the day. But 
it is estimated that at least two-thirds of these lires are of inten- 
tional origin, and in the majority of such cases the object that is 
expected to be gained in starting the fires is the improvement of 
the pasturage, in some cases the result of the burning may be a 
temporary improvement in that direction, but it must be borne in 
mind that these fires also destrov much of the i^rass and annual 
and perennial herbs and shrubs, by burning both the seeds and 
the plants, and that in this way, in the long run, even the pastur- 
age in the forest is injured rather than improved by these repeated 
fires. Unquestionably the wisest policy to adopt, and the policy 
that has been adopted in all civilized countries, is to provide grass 
lands for the pasturage of cattle, and protect the forests against 
fires and all other destructive agencit^s, because of their value as 
forests. 

The total value of the forest products in North Carolina, as 
shown on pages 40 and 41, will range from ^•20,0()0,0()() to $25,- 
000,000 per annum. The total value of all the cattle in the State 
is about $5,000,000 — a sum which is only between one-fourth and 
one-fifth of the annual value of the forest products ; a sum but 
little if any greater than the amount of the annual damages to 
the forests of the State caused bv fires. 

It must also be borne in mind in this connection that while the 
total yearly growth of our forests is (Mjuivalent to about 9,000,000 
4»ords of wood, the amount of timber now annually cut from these 
forests is equivalent to 11,000,000 eords. We are thus not only 
using the interest on this forest investment, but are making rapid 
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inroads on tlie principal. In tlie eastern counties we are cutting pine 
forests to replace which, from tlie seed, will require from fifty to one 
hundred years: wliile in the western counties it will require from 
one to three centuries to replace the splendid hardwood forests 
of the rich mountain slopes. 

The bare statement of these facts ought to bring us at once to a 
realization of the truth that the protection and perpetuation of 
our forest wealth deserve far more consideration than thev have 
received. The right of the present generation to use the mature 
trees of the existing forests no one will deny; nor will any reason- 
able man deny that the younger forest growth of to-day should be 
preserved as the rightful heritage of the next generation. And 
yet, in the treatment of our timber lands, this latter principle 
appears to be lost sight of entirely. 

It is to be hoped that this matter will be taken up by the press 
of the State — by the more intelligent citizens of every county and 
by the lumbermen themselves, who, as much as any other class, 
are to be benefited by the j>erpetuation of our forestxS — and that 
the agitation may be continued until forest fires are of rare occur- 
rence, and until every sale or lease of timber rights will be con- 
ditioned on a rigid protection of the young forest growth against 
the ax and all other destructive agencies 

If such a wise policy is promptly and permanently adopted the 
forests of the State may continue for centuries to be a source of 
wealth to her people. If, on the other hand, the present system 
of waste and destruction continues to prevail, we will not have gone 
far into the new century before we are brought to a realization of 
the fact that our splendid forests are a thing of the past. 

.1. A. Holmes, 
Stak GeologUt. 



FOREST fires: THEIR DESTRUCTIVE WORK, 

CAUSES, A^D PREVENTION. 

By W. W. Ashe. 



forp:st fires. 

The past year (1894), one of considerable drought, wituessed 
extensive and destructive forest tires in the Northwestern States, 
involving the loss of over five hundred lives and millions of dollars 
worth of timber and other property. These fires in the Northwest 
occurred in a thinly-settled country. liut even in eastern Massa- 
chusetts, a district dotted with towns, farms and country seats, fires 
oocurred in the latter part of summer, which for several days bafHed 
every attempt toward extinguishing them; and this was not done 
Limtil a large loss had been incurred. In Massachusetts such fires 
^V'^re unprecedented, for the woodland is carefully protected, and 
fc>Te8t fires are only of accidental occurrence. The same cannot be 
^*i.id in respect to other States, least of all for those in which lumber- 
^^^tgandthe handling of forest products are extensive industries. 
T*liere is, in most parts of this country, a recklessness amongst those 
^ driving their livelihood from the forest, which it seems, is never 
^^tisfied until the source of their maintenance has been destroyed. 
The degree of exemption from extensive forest fires which North 
^ 'arolina has enjoyed during the past year is unsual. In other recent 
years there have been single fires the losses from which aggregated 
hundreds of thousands of dollars. Bladen, Cumberland, Harnett 
and Moore counties have been the seats of such conflagrations since 
1890. Although only the large fires attract much attention, the 
damage and loss occasioned by them does not, on the whole, exceed 
the destruction caused by the thousands of smaller fires which, each 
year, pass, almost unnoticed, through the forests. The damage 
resulting from these smaller fires is inconsiderable, as far as stand- 
ing timber is concerned and, unless the destruction of other prop- 
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erty is involved, they are in many localities regarded as beneficial 
rather than otherwise. Their damage, however, is great, although 
a superficial examination may fail to reveal it. Their continued 
repetition means the gradual killing of the forest or the reduction 
of it to a few si»ecies, which are [physically capable of withstanding 
scorching heat, which seed or reproduce themselves abundantly and 
at an early age, and whose young seedlings are exceedingly hardy. 

LOSSES FROM FOREST FIRES IN 1880. 

Of all the destructive agencies to which woodland is exposed 
none is surer in its effects or more rapid in its execution than fire. 
Bv the census of 1880 the value of the propertv destroved bv forest 
fires in the inhabited parts of the Tnited States, during one year, 
was ascertained to be over $25,000,000; and even this immense 
amount is supposed to represent only a part of the property 
destroyed, since no reports were made of many fires. The same 
authority gives the damage from forest fires in North Carolina for 
that year as having reached $357,000, and the number of acres 
l>urnt over as amounting to 546,000. The value of the property 
destroyed (which was largely standing timber) was equal to that of 
all the standing timber which was cut in the State during that year 
for saw-logs. And ecjualing the irreparable damage to stimdiiig 
timber is the injury to the soil from these frecpient burnings. The 
harm thus occasioned is rarelv even considered. 

THE ATTlTir^E OF TIMBER OWNERS TOWARDS FOREST l^NDERGROWTH. 

In circulars siMit to well-informed persons in the extreme east- 
ern and western counties a question was inserted concerning the 
attitude of tim)>er owners toward the young growth in the forest. 
In answering tliis many correspondents gave prominence to the 
fact tliat it was considered a nuisance to have the young growth in 
the forests, and one of the objects of burning, and benefits derived 
therefrom, was keeping the thicket of saplings killed down. Where 
it is not desired to keep the young growth down in order to secure 
a slender pasturage the main object in view aj>pears to be to keep 
the woods open for hunting or to facilitate passage through them. 
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The object chiefly desired, then, in burning is pasturage ; the object 
attained is the destruction of all young growth. While it is 
regarded as proper and advantageous to secure the maintenance of 
the mature trees, the utilization of which is possible at any time, 
and which represent, prirrui facicy a specific market value, no pro- 
tection is accorded the young growth to enable it to survive. 
The feeling towards it passes beyond mere disinterest. If the 
young growth is coniferous it is regarded with disfavor, since it 
affords no food material for cattle; if it is of broad-leaved trees its 
legitimate utilization is realized when cattle are browsing upon it. 
If, in spite of the depredations of live stock, the young growth 
persists in growing, which is usually the case, it is burned down to 
efl'ectually check it. The end aimed at in this is to keep the woods 
open ; for in dense woods pasturage grasses do not grow and most 
broad-leaved seedlings will be shaded out. The pasturage obtained 
by this means is insignificant, the herbage of many acres being 
required for the support of a single animal, and it is only secured 
at the expense of a valuable forest undergrowth. 

KINDS OF FOREST FIRES. 

The fires in most sections of this State are leaf or grass fires; 
that is, the dry leaves or dead grass form the fuel which carries 
the flames. Practically all the fires in the western counties are leaf 
Jires; it is seldom that there is sufficient undergrowth present for 
the fire to be communicated to that, although the undergrowth is 
usually all killed. In the south-eastern counties, in the long- 
leaf pine belt, the fires are usually carried by the high and thick 
grasses which cover the forest soil wherever the woods are at all 
open. These grasses are hardy perennials like Aristida stricta, Andro- 
pogon tetter, A. virginicus, A, elliotii, and A. argeiitius; the first one 
known as the wire-grass of the pine barrens, the others as broom 
grasses or broom-straws or ** sedge." 

Fire frequently escapes from the grass to the pine trees. In pine 
woods where the undergrowth is thick, and more rarely in mixed 
woods, the brush frequently burns and occasions incalculable dam- 
age to the standing timber; and in swamps with a heavy under- 
growth, particularly peaty ones with a growth of white cedar 
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(juniper), fires in dry seasons will consume both undergrowth and 
brush and mature trees. These fires of course* are the most destruct- 
ive and are well called timber fires. 

ULTIMATE RESULTS OF FOREST FIRES. 

To ascertain what will be the effects of tlie continued burning 
upon woodland there is no necessity to revert to the condition of 
some of the worn-out lands of southern Europe or fo cite the 
instances from foreign writers of the destitution and barrenness 
which have succeeded the continual burning of the forests there. 
As concrete evidence of the destructiveness of numerous small 
fires as can be adduced is the denuded state of a large part of the 
waste sand lands in the south-eastern counties of North Carolina. 
The original forests of long-leaf pine in that section have grad- 
ually been consumed. More, it can be safely said, has been burnt 
than converted into lumber. This has seriously affected the supply 
of merchantable timber. Furthermore, these ravages have largely 
influenced the supply of the future, in its abundance, quality and 
variety, as well as the soil in its ability to sustain a forestal growth. 
Already throughout the eastern section of the State profound 
changes have been induced in the character of the forest flora of 
the uplands and, in. places, irreparable damage has been suffered 
by the forest lands. Changes, too, have been i)roduced in the char- 
acter of the sylva of the hill country and the mountains. These 
changes, however, are not as generally diffused as those which have 
taken place in the lower districts, and are less impressive, since 
they have influenced the varieties in a mixed hardwood forest^ 
instead of the struggle for supremacy between two dissimilar pines 
or between a pine and an oak growth. In connection with the 
destruction of the long-leaf pine forests it can be said that along 
with it is being destroyed one of the most important industries io 
the State — that of gathering and manufacturing resinous products. 
The aggregate of these products has decreased since 1870 over two- 
thirds, with a prospect in the near future of a total failure of the 
industry in this State from the inability to secure new and profitAble- 
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pineries to tap for turpentine, as the old ones, from long continued 
boxing, become unprofitable and are abandoned. 

THE CHANGES PRODUCED IN THE LON(J-LEAF PINE FORESTS BY FIRES. 

North of the Neuse river the long-leaf pine formerly extended 
over the drier sandy land, in an almost unbroken forest, as far 
north as southern Virginia. This pine has gradually been killed 
out by fires or removed for commercial purposes, so that but 
little of the original forest growth now remains. Fortunately there 
has been a tree ready to take its place, the value of which, for lum- 
ber, is but little less than that of the long-leaf pine. This tree 
is the loblolly pine, which is known throughout the eastern section 
of this State as shart-leafy rosemary, old field or snvarap pine. Mixed 
with this second-growth loblolly pine is a vigorous undergrowth of 
young post, white and red oaks. These, however, do not reach 
suflScient size to enter into construction, since, after reaching a 
diameter of fifteen or twenty inches, they generally succumb 
to internal decay, the soil being unsuited to their growth. This 
replacement of the long-leaf pine by the loblolly has been so 
gradual that in places the forest appears, as it stands to-day, to be 
<jomposed of a mixed growth of these two species. The fact is 
significant, however, that nowhere is there any young growth of 
'the long-leaf pine. All trees of that species are mature trees, 
"w-liile the loblolly [)ine is seen in all stages of development from 
tender seedlings to trees in full maturity. 

South of the Neuse river the effects of the fires have been 

"niore marked. The upland soils in this south-east section are of 

t\eo kinds, the sandy loams which form the level pine lands and 

^he sandy soils which form the pine sand-hills. This sand occurs 

in a loose layer, from a few inches to many feet in thickness, lying 

^bove the more fertile loams. The loams are similar in character 

to the greater part of the soils found north of the Neuse river, and 

<^nthem, south as well as north of the Neuse river, the loblolly 

piue and a heterogeneous growth of small oaks have superseded 

tlie long-leaf pine. On the sand-hills the destruction of the long- 

'^af pine has been accomi)anied by no aftergrowth of loblolly 

• 

P»ne, so that the result of the burnings is large areas of waste 
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land covered only with a scattering growth of the sand black-jack 
oak, and other scrub oaks, or entirely denuded. The largest tracts 
of this waste land lie in the eastern counties of New Hanover, 
Wayne, Duplin, Ponder, Onslow, Bladen, Columbus, Harnett, 
Sampson, Robeson, Brunswick and Moore. 

The United States census of 1880 gives the area of the waste 
lands in these counties to be 105,705 acres. This included only 
the waste lands attached to farms, as old fields and fallow lands. 
An examination of these counties undertaken by the North Caro- 
lina Geological Survey in 1893 revealed the fact that the area of 
waste or unproductive forest lands then amounted to over 400,000 
acres. 

This entire area, amounting to about one-tenth of the acreage of 
these counties, has been reduced to its present condition almost 
entirely through the agency of fire. Besides the above, there are 
extensive areas of thinly timbered pine land far exceeding in 
extent the area of the waste lands. These are turpentine orchards, 
either still being worked or abandoned, the trees in which have 
been continually tapped for turpentine for twenty years or more, 
and now have their ranks so thinned as to scarcelv deserve the name 
of woodland. The mature trees have one bv one been destroved 
by fire or prostrated by wind, broken where the collar of the bole 
was weakened by the deep turpentine boxes. There is nothing 
remarkable in the fact that the forests have become thinned bv the 
usage of a century, but their openness below and the fact that no 
young pines are seen taking their place are worthy of the utmcst 
consideration. 

The loblolly pine although it cjuickly, by its winged seed aud 
the frequency of its seeding, gains possession of lands with a moists 
or loamy soil and attains a medium size, producing a fair grade o^ 
timber, is yet incapable of growing on the dry, sandy land whicb 
forms a proportionately large part- of the area of these south-east- 
ern counties. Indeed if it once succeeds in gaining a foothold on 
the sand land, where the soil has been cultivated, it is incapable 
of maintaining there an uninterruj)ted growth until it becomes a 
large tree. It is naturally a tree of the lowlands, or rather of the 
better class of moist or wet loams, and when it does succeed in 
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growing on the sandy lands under such altered conditions it forms 
only a low growth, with boles short and knotty. Besides rarely 
ever reaching a height of over fifty feet, it is subject in such situa- 
tions to *'dry-rot^' or ** red-heart." Associated with the long- 
leaf pine on this sterile soil are the sand black-jack oak and the 
highland willow oak, both of them '* scrub oaks" incapable of 
yielding timber, and forming beneath the |)ines only a low and 
open growth. The litter of these oaks, with the dry wire-grass 
and broom-grass of the barrens, forms the fuel for the destructive 
tires. 

CAUSE OF DKCADKNCE OF THE LONG-LEAF PINE. 

As this is a subject of the utmost importance involving the timber 
growth, or rather the lack of timber growth, on an area of over 
half a million acres, it may be well to give more fully some of the 
causes which have, in conjunction with the fires, played important 
parts in the reduction of these areas to their present state of unpro- 
ductiveness, and some of the peculiarities of the morphology and life 
process of the long-leaf pine which prevent it from succeeding 
iu the struggle for existence with its competitors, while they success- 
fully ov'ercome the conditions imposed by man upon forest growth. 
As a comparison of the differences between the pines of this region 
and their relations to their environments has been discussed in a 
previous bulletin of the Survey, only a rt^sum6 of the salient points 
will here be given. These will embody the reason why the long- 
lt*af pine fails while the loblolly pine thrives, even on what was 
ouce undebatable ground, entirely within the territory of pure 
long-leaf pine growth. The fructification, the seed, the seedling, 
life period and hardiness of the long-leaf j>ine, considered in 
their connection with fires, have im|)ortant bearings on this subject. 

THE SEED AND SEEDING OF THE LONG-LEAF PINE. 

The long-leaf pine, with its fertility impaired by the drain on 
its vital resources due to the removal of the turpentine by boxing, 
produces seed abundantly only at irreguhir and infrequent inter- 
vals. A large pine mast occurred in 184o, another in 1H72, 
and in 1892 there was a third, after an interval of twentv vears. 
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In intermediate years the j)ro(lucti()n of mast was small and local- 
ize<l. Since 1892 there has been no long-leaf pine mast at all iu 
eastern North Carolina. 

A great ])roportion of its seetl, which are between one-fourth and 
one-half an inch long, are destroyed by fowls, rodents and hogs, 
which prefer this to all other kinds of mast. The seed, after falling 
as the cones open, during October and November and through the 
winter, are entirely exposed to these varied attacks until they have 
germinated and securely rooted, which happens in the following 
spring if the mast is late in falling, or, as is more often the case, if 
the mast falls in a warm, moist autumn season it germinates at once. 

GROWTH OF THE LONG-LHAF PINE. 

The SKKr)iJX(j. — The growth of the young seedling of the long- 
leaf pine is exceedingly slow. The greater part of the vital vigor 
of the young plant is directed towards the root-system, which 
consists of an oblong, spindle-shaped tap-root with numerous fine 
roots diverting from its lower end. The tap-root increases rapidly 
in length, being fifteen to twenty inches long and one and one-half 
inches in diameter when the plant is only five years old. The stem, 
even until the fourth or fifth year, remains nearly stationary in 
height and only slowly increases in thickness to correspond with 
the increased diameter of the tap-root. It is during this stage of its 
development that the greatest number, perhaps as much as nine- 
tenths, of the young pines are destroyed. Being for so long a time 
stemless and surrounded by high grass, as is the case in the open 
woodland or where the merchantable trees have been removed, the 
young long-leaf pine, on account of its small size and tender- 
ness, is liable to be killed or consumed by fires during a period 
three or four times as long as the loblolly pine or the scrub oaks 
in similar situations. A passing fire is apt to destroy nearly every 
seedling pine in its course. The hogs also destroy a great number 
of them in this early stage of their growth, by rooting them up to 
eat their large, succulent roots. Through these two agencies the 
greater part of the young pine gnnvth is destroyed before it becomes 
fairlv started in life. 
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Later 8ta(JEs of GKOwnr. — At tlie torminatiou of tlie first four 
or five years of growth, wliich may be said to form the seedling 
stage of existence, rapid height-growtli begins. During the first 
few years of this period of lieight-growth the body axis rapidly 
develops in length at the expen.se of thickness, forming long, 
wand-like stems. During this period of its life wind-storms inflict 
severe damage upon the young growth, snapping off the slender 
stems or bending the flexible ones into inextricable masses. Fires, 
too, are still capable of doing great damage, since the loo.se, thin 
bark attbrds but slight protection to the living wood against heat. 
The resulting damage, however, will be most severe from spring 
fires, which occur when the new wood is forming and the leaves 
shooting. After a height of twenty to twenty-five feet is reached 
the height-growth is accompanied by rapid increase in diameter, 
and throughout the rest of the life period neither height nor diame- 
ter-growth alone takes place at the expense of proportional devel- 
opment elsewhere. 

On the better cla>?s (»f soils at the expiration of twenty-five or 
thirtv veare the trees have attained a height of thirtv to thirty-five 
feet and a proportionate diameter of ten to twelve inches. The 
rate of height-growth probably reaches its maximum before the 
twentieth year and gradually decreases after that time ; being rapid 
from about the twentieth to the fiftieth year, averaging from eight 
to ten inches a year; being moderate from the fiftieth to the 
eightieth year, averaging six to eight inches a year in height; after 
tliat period being slow, not averaging over two to four inches in 
height-growth during each growing sea.son. 

The diameter-growth is slow until about the fifteenth to twentieth 
vear and extremelv rapid after that until the fortieth to fiftieth 

mr *■' 1. 

year, when it becomes considerably slower. These variations in the 
manner and mte of growth apply only to forest trees; that is, trees 
grown in large bodies with a thick stand, so as to fully .shade the 
ground and crowd and overtop each other as soon as height-growth 
is^ fairlv under wav. While these laws of the rate of accretion, or 
increase in volume of wood, are deduced from the rate of growth 
of what is called old-field growth, where growth began simultane- 
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ously with all trees, they are probably applicable to isolated young 
pines appearing in a hardwood growth or to young pines spring- 
ing up in a pine forest where the mature trees are thick. Entirely 
different laws, however, govern the rate of growth of isolated speci- 
mens, or where the young trees are far apart; in which cases from 
the start there is rapid diameter-growth and crown development at 
the expense of height-growth and clear, straight stems. 

In the boxed trees which now constitute so largo a part of the 
long-leaf pine forests, practically all of the merchantable timber 
having been boxed, the rate of growth is exceedingly slow, ten or 
twelve years being^ required for one inch in diameter to be gained, 
and the annual increase in height not being over one to two inches. 

The long-leaf pine in the forest forms no appreciable quantity of 
wood between the first and sixth years, and very little between the 
sixth and fifteenth years. During the next thirty years it adds 
rapidly to its bulk, and then begins a gradual decrease in the 
volume of wood added, which decrease continues normally at a 
uniform rate until old ago destroys the specimen. 

VAI,UE OF DETERMINING THE RATE OF GROWTH. 

While a small tree, ten to twelve inches in diameter and all sap* 
wood, serves admirably for the manufacture of resinous products, 
it is only after a very much longer period of growth that a tree 
reaches a size suitable for saw-logs. This period is dependent, of 
course, on the rapidity of growth, which varies some with difference 
of soil. If heart timber is desired, and this is the onlv kind which 
is in demand so far as the long-leaf })ine is concerned, the time 
required for a forest crop to reach maturity, when the trees have 
attained a size large enough for a[)plying them to all uses, is cer- 
tainly not less timn one hundred years. This pine is about twenty- 
five years old before the heart-wood begins to form, and after that 
time, speaking in a general way, a ring of heart-wood is formed 
internally for every ring of sap-wood added to the periphery. So 
that to estimate the time required for the growth of trees with the 
heart-wood of a specified diameter the twenty-five peripheral rings 
of sap-wood must be taken into account, as well as the decrease in 
the rate of diameter-growth after the fortieth or fiftieth year. 
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The accumulated wood in tlie long-leaf pine trees, which form 
the forests as they stand to-day, represents the results of not less 
than one hundred and fifty years of uninterrupted growth and 
probably more than one hundred and seventy-five years; that is, 
the trees range in age from one hundred to two hundred and fifty 
years, while all of the trees less than one hundred years old, or about 
two-thirds of the forest body, have been killed out by fires or pro- 
vented by them from developing. 

SUMMARY. 

The infrequency of the seeding of the long-leaf pine enables trees 
which seed more frequently to prepossess the ground. Its slow 
growth renders it more liable to bo killed in the tender, seedling 
stage. Its seed as well as the roots arc eaten by hogs. Its slender 
stem makes it more easily broken off during the sapling stage. It 
does not bear seed until five or six years later than the loblolly 
pine of the same age. In all stages of growth, on account of the 
thin bark, it is exceedingly sensitive to fire and heat, which, with- 
out burning them at all, frequently kill large trees. When a tree 
is but partially scorched the borers attack it and finally kill it. 
Vigorous trees between eighteen and thirty years old, which have 
a thick, firm bark, appear to be lea.st injured by spring fire.s. 

DESTRUCTION OF TINP: TIMHKR BY FOKKST FIRES. 

In spite of the hogs, if fires had been kept off of these long- 
leaf pine lands during the past sixty years, or since the exten- 
sive tiipping for resin began (about 18.'^^), the forest density would 
now probably be no less than it was before that period. The trees 
which are now being removed for lumber could still have been 
taken and with good results; for those left would have grown with 
renewed vigor as the thinning was carried on. It appears that at 
least one-half of the st^inding timber has been destroyed by fire 
and the loss to the people from this item alone has been immense. 
The low price of long-leaf pine lands is a source of constant dis- 
satisfaction to its owners, while the truth of the matter is that at 
least one-half of the merchantable timber has been burnt off, and 
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siiiiiUiT trees whicli would liave become merchantable timber have 
been prevented from doiii*; so bv the forest fires. 

FOREST FIRKS A CAUSE OF THE DECREASE IN NAVAL STORE PRODUCTS. 

For the past eighteen years there has been a constant decrease 
in the output of naval store products in this State. This is directly 
due to-the fact that the existing orchards are becoming exhausted. 
Since 18:]0 the fkutuations of the exports of resinous products 
from Wilmington have been indices of the prosperity of the indus- 
try in the entire State: so that to say that the exports of rosin from 
Wilmington fell from 700,000 barrels in 1870 to 450,000 barrels in 
18H0, to 385X300 in 18JM), and to 200,000 in 1894, merely expresses 
the rate of the decline in production for the State. An examina- 
tion of the lands of the pine belt completed in the spring of 1894 
disclosed the fact that there were, at that time, only oo,()00 acres 
of original growth long-leaf pine timber which had not been 
boxed: and only ;i»*^,000 acres of young growth long-leaf pine 
which had become trees, or which had reached a sufficient size to 
insure their becoming of commercial value; and some of this had 
already been tappe<l for tur|)entine. As has been stated before, 
this young growth lies almost entirely in what were at one time 
old fields, or enclosures by which it was protected from fire« and 
hogs. Only in New Hanover county has any considerable amount 
of young growth been observed on forest lands; and there a law 
prohibiting stock from roaming at large through the forest lands 
has been in force for a number of vears. 

When the producer of turpentine burns his woods to keep them 
open and facilitate the collection of turpentine he fails to consider 
that all the young growth, from the youngest seedling to the mature 
stock, re|)resents so much invested capital : and that the fully mature 
trees alone represent the accrued dividends, which ought to be so 
utilized as in no way to interfere with the great i)roductive portion 
of the capital. In neglecting this the productive body has been 
destroyed as worthless, while the mature trees, which represented 
only one crop evolved from it, were held as the only prize. 

However deleterious to the mature trees mav be the svstera of 
collecting resin which is in use throughout the United States, its 
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destructive results are insignificant as compared with those produced 
by using fire to keep down the *' troublesome growth" of young 
pines. The entire forest reserve has been made subservient to the 
means used to lighten the labors of those engaged in the collection 
of these forests by-products. 

THE EXHAUSTION OK THE LONG-LEAF PINE FORESTS. 

The exhaustion of the long-leaf pine forests of this State may 
be looked for now at no distant date. The waning turpentine indus- 
try will hold its own, as an industry of some importance, possibly 
for ten years longer, though there will certainly be a steady decrease 
in its yield each year. The production has possibly been stimulated 
during the past two years by the fact that while the agricultural 
products of this section were depressed in price the prices for the 
better grades of resinous products have, on the whole, been more 
favorable and the demand firm. With a general rise in the prices 
of farm products the working of many turpentine orchards would 
probably be relinquished. 

The long-leaf pine lumber industry has probably reached its 
maximum expansion in this State, and its decadence when once 
set in will be rapid. The largest bodies of compact forest are in 
the counties of Moore, northern Richmond and eastern Montgomery. 
These will last for ten years if the drain upon them continues at the 
present rate and there are no large fires; but there probably will 
be many fires. Two of the largest fires since 1890 have occurred 
in this district, consuming or damaging timber to the value of over 
$200,000. 

INCREASE IN THE AREA OF WASTE LON(i-LEAF PINE LANDS. 

Including both the forest lands and the old fields and fallows, 
^here are now at least 600,000 acres of waste or unproductive land, 
^his area, as large as it is, may be expected to increase during the 
'^ejct decade to about 1,000,000 acres, as lumbering proceeds on the 
saiid-hills, where no loblolly pine succeeds the long-leaf pine. 
A^l>out 75,000 acres of this sandy land are yearly denuded to furnish 
tWe output of 150,000,000 feet, board measure, of yellow pine lum- 
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ber ; and the greater part of the land, having served what is regarded 
as its linal use, is left uneared for and kept, by the continual burn- 
ings, idle and unproductive, covered only with scrub oaks which 
withstand the fires. 

THE NKKD TO I'ROMITI.V STOI' FIRINIJ THE PINE BARRENS. 

In 18}r2 there was an abundant and generally distributed long- 
leaf pine mast. The young seedlings from this were to be seen 
everywhere the next spring, but a large part of them have already 
been destroved. Even on lands which have been lumbered, severelv 
burnt or worked for turpentine for a long period and then abandoned 
a good many years ago, and which had only oneor two mature old 
seed-bearing trees of long-leaf pine to the acre, there were in the 
spring of 181K3, following this heavy long-leaf pine mast, hun- 
dreds of young seedlings to be seen scattered among the young 
scrub oaks or beneath the old ones. Given half a chance and thev 
would all have grown. Many of them are still left ; and no greater 
benefit could be conferred upon the south-eastern section of this 
State than to have these pines protected, and allow them to grow. 

Although these soutli-eastern counties have for so long supplied 
such a large amount of high-grade timber, it is nevertheless a fact 
that in many places good tinilxT, for domestic uses, is becoming 
scarce. With all the timber being cut for shipment and none 
reserved for home use in the future, an<l all the young growth 
which would in time make timber being killed by the fires, there 
is no res(jrve timber which can be relied upon to meet the demands 
even of the next few decades. If these young pines are all killed 
out, it means just so much loss to the people; and it is the people, 
individually and as a body, who should take steps to prevent this 
result. No effort shouhl he spared by them to protect the youug 
seedlin*i:s where anv are yet to b(* foun<l and to see that thev are 
enal)led to grow into mature trees. 

It is only by so doing that the timber supply of this region, even 
in the near future, can be made a certainty. It will probably be 
many years before there will again be a mast of the long-leaf pine 
equaling the recent one, either in distribution or in abundance, and 
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in the meanwhile a large number of the seed-bearing trees in large 
bodies, or the stunted trees left in lumbering, or the scattered trees 
in the turpentine orchard, will have been destroyed, so that neither 
the aggregate number of the young seedlings nor the uniform thick- 
ness of the stand can possibly be so great again in the near future as 
at the present time. It is no more difficult to give the necessary pro- 
tection now than it would be at a future date, while the benefits 
derived from prompt action and careful watching will now be mani- 
fold. No one, who has at all investigated the situation, will deny 
that the young long-leaf pine growth must at some time be afforded 
protection, if there is ever to be a regrowth of lumber trees in this 
section on the sandy soils. 

EFFECTS OF BURNING ON PINES, CYPRESS, CEDARS AND BALSAMS. 

The effects of fires on the long-leaf pine seedling have already 
been stated. One and two-year-old loblolly and short-leaf pines 
will sometimes shoot from the roots if burnt down ; and these trees 
by reason of their rapid growth and thick bark are little injured by 
ordinary fires after they have reached a height of fifteen feet and 
a diameter of four inches; the large trees of both of these species 
have thick and close barks. The pocosin pine, like the pitch pine 
(the black pine of the piedmont counties), has remarkable recupera- 
tive powers, young seedlings when burnt down for several con- 
secutive years still continuing to sprout from the stump or roots, 
and fair-sized saplings when killed above put up root sprouts. 
These root sprouts, however, do not make large or vigorous trees. 
White pine seedlings growing on dfy ridges with oaks are very ten- 
der and do not put up again after being killed down. 

Cypress swamps, even in very dry seasons, are rarely burnt over, 
and although when this happens the damage to large trees is 
usually small that to the younger trees and shrubs is considera- 
ble. Small cypress, however, if under three inches in diameter, 
H'ill frequently sprout from the stump. Neither red cedar nor 
H'hite cedar (juniper) probably sprout again after having been 
'>urnt down. Oaks or pines often take the place of a growth of 
^ed cedar; and the white and sweet bays and gums will take the 
pJcice of a growth of white cedar if the soil is not too peaty for 
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their growth. The forests of black spruce and Carolina balsam 
along the summits of the highest mountains are sometimes burned. 
The seedlings of neither species sprout again. A growth of wild 
red cherry (peruvian) mixed with some black cherry and yellow- 
birch forms the aftergrowth, which is in time supplanted by the 
spruce and firs again. The hemlock-spruce (spruce-pine), owing to 
the damp places of its growth, is rarely injured by fire. Neither 
it, however, nor the Carolina hemlock sprout from the stump or 
roots after the stems have been cut or burnt. 

BROAD-LEAVED OR DECIDroiS-LEA VED TREES. 

The- oaks vary a great deal in their behavior after a fire. Nearly 
all of them, if young and vigorous, will sprout from the roots after 
the top has been injure<l. While this is true, their sprouts, like 
those of most other trees under similar conditions, are never cei'tain 
to make large or siound trees. As the dead stock decays an open- 
ing or scar is apt to be left at the foot of the tree, in which rot is 
almost certain to begin sooner or later. This seems to be more 
certain in the case of black and red oaks than in the case of white 
oaks, which latter, it seems, are attacked by fewer rot-causing 
diseases than the red oaks. 

But few of the oaks sucker if the burning is repeated many tirae« 
in su^ccession. While the trees from shoots are usually unsound, 
those from suckers are decidedly short-lived and are much affected 
by drought, owing to the fact that their root systems are superficial 
and they have no tap-roots or deep-seated lateral roots. This is 
well known to be the case with apple stock in which the grafts 
have been made on suckers instead of upon seedlings. The oaks 
which sucker most seem to grow^ on sandy or light soils; the live 
oak, the laurel-leaved oak, sometimes the post oak and sometimes 
the high-ground willow oak and the water oak. Young trees of 
the Spanish, black and scrub oaks are capable of withstanding a 
fire which would kill outright e<iual-sized trees of the white and. 
probably, of the post oaks. Some of these trees, as the black-jack, 
seem to be, as far as an ordinary leaf or brush fire is concerned, 
nearly fire-proof. Sapling red oaks, too, in the higher mountains 
are very hardy. 
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While all of the hickories and the white and black wahuils are 
extremely sensitive towards fire, they all sprout nior;.* or less from 
the root or collar when young. Some of them, as the white 
hickory, will even sprout, when six to eight inches in diameter, if 
killed down in the early spring when the sap is rising, though if 
killed later in summer they will not sprout at all. The birches all 
sprout, some from the roots, while sapling beeches if top-killed 
will frecjuently sucker besides. Young sour-wood trees sprout freely 
if killed down. Black gums are hardy and even when young are 
not much injured; but while sweet gums are more injured they 
put up vigorous root shoots. The Ailianthus (*'tree of heaven"), 
which has in many places made itself at home in the woods, and 
w- hich affords a valuable timber, suckers so as to form dense thickets 
of young shoots, even when trees twelve to eighteen inches in diame- 
ter are toj)-killed by fire; and especially is tliis so if the trees are 
in the open or under a light cover. The white bay in tlie lower dis- 
trict suckers from the constant burning, so as to form dense clumps 
live to ten yards in diameter of low, scrubby trees; and in places, 
but more rarely, the same is true of the yellow locust in the 
mountains. The chestnut is one of the few useful trees, which is 
not only fairly hardy, but also when killed down sprouts vigor- 
ously and abundantly, and its sprouts reach a large size. Hut 
even it cannot continually propagate itself in this manner, and 
unless the woods are renewed by seedlings with fresh life and 
vigorous roots the chestnut, too, will begin to become scarce. 

x\ll of the trees which are especially worthy of protection, on 
account of their economic value, are greatly injured by fires. But 
some of the most valuable hardwoods, as the white oak, hickories, 
chestnut and locust, succeed in securing a stand after light fires. 

Leaf fires in the late spring burn up the seed of the elms, as 
they ripen and drop their seed in March and April. Fin\s during 
the winter and early spring are apt to destroy the germinating 
powers of most seed then on the ground. The seed of several of 
the hickories, the more valuable ones, the walnuts, the buckeye 
and some of the oaks can resist considerable heat. A few trees, 
such as the soft maples and the box elder, ripen their seed in sum- 
mer and as they sprout at once there is no chance for them to be 
2 
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(U'strove<l Ufion* at Irast inakiii<r a start. The si'orching leaf tire, 
thoujzli, (lestnn's thousaiuls of st-tMl in everv aere of woodland 
tliron<rli whicli it passes. 

KFFKCT OF KlRXIXc; AS SEFN IN THK COMPOSITION OF THK FOREST. 

If the fin»s are merely h^af-tires, as art* most of the tires in the 

ft 

hill country *»f this State, hut are regularly repeated, the seedlings 
of ten<ler kinds are kept killed <h)\vn. while those of kinds which 
do not sprout from the root are killed outright. This in the end, 
after rrprated hurnings, will make the forest composed almost en- 
tirely of trees which sprout from the stumj* or roots, and only the 
hardiest of these will survive, no matter whether thev mav he valu- 
able or wortldess. This is .seen in the way the hardier oak growth 
has taken the phice of the pines in many |>laces in the eastern sec- 
tion of tli<* State: for when protected from tires, as in old fields and 
in enclosures, tlie aftergrowth is almo.^t of unmixed pines. 

In the middh' .section the hardier black and black-jack oaks are 
taking tlie place of the hickories and, in places, of the white and 
po.<t oaks, whih' tlie young growth c^f the tuli|) poplar has entirely 
disappeaied from ovtT certain areas, or is confined to the moi.<t 
lands along streams. In the upper di.stricts the sour wood, from 
its rapi<l growth and readiness of sprouting, has become exceed- 
ingly abundant, to the exclusion of more valuable trees. In the 
lower mountains the scarlet and black oaks have been enabled to 
greatly increase their numbei*s from their hardiness, while at higher 
elevations, where th(^ chestnut is common, there are found groves? 
of open chestnut woods, the trees short-bodied and broad-crowned, 
where there was at one time a mixed forest of red and chestnut 
oaks, an<l other trees. HiM'e tlie chestnut, from its power of pro- 
(huing vigorous shoots, has alone been able to maintain itself, while 
other tre(*s, which are accounted unusually hardy, have largely suc- 
cuml>ed. Such groves are not infre(|Uent, on southern slopes, 
through the forests of the Appalachian plateau, between 2,500 and 
4, .")()() feet elevation. Few young trees are to be seen anywhere 
among the chestnuts. The red and chestnut oaks and the chestnut 
aie the most common trees on southern hill-sides and slojM^s in the 
high(»r mountains. Kverywhere they are seen in varying pro}K>r- 
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lions, according as they have been injured by fire, in which case 
the chestnuts outnumber the other species; or the nuts eaten by 
hogs, when the young red oaks become the more numerous, since 
the fastidious hog prefers the sweet nuts of the chestnut and the 
chestnut oak to the bitter acorn of the red oak. But slight damage 
is wrought by fire to the forests of the liigher mountains on northern 
8lo{)es, owing to their openness, the dampness of tlieir liumus, and 
their never having been himbered or extensively culled, and hence 
not being encumbered with lops or thickets which would furnish 
fuel for fires. 

FIRES CAUSE DECAY AND HOLLOWS AT BASES OF FOREST TREES. 

The greater number of the hollow, immature and undersized 
chestnuts, yellow poplars and oaks in the middle and western coun- 
ties were formed either directly or indirectly through fires. Fires 
scorch small spots near the bjv^es of trees, which cause the death of 
the liber or generative tissue from which the tree increases in diam- 
eter. The bark then beconies loosened, or falls off*, over the spot, 
and the tree presents on its surface a layer of dead sap-wood. The 
sai)-wood of most trees is, as is well known, more subject to the 
attacks of insects, borers, beetles, etc., and to rot than is their heart- 
wood. If the bark is merely loosened insects will uuicklv enter 
the spot, and will channel sometimes into the heart-wood. Through 
their openings air and water afterwards enter, leaving the germs of 
<lecay. In this way the entire interior of the base of a tree may be 
made hollow and, the bark remaining intact, exhibit no signs of 
the rottenness whfch is within. 

If the bark falls off" immediately from the burning the dead sap- 
in'ood is then directly exposed to rot. and fungi in the shape of 
punk, or mushroom-like excrescences, grow upon it. These and 
their representatives in lower and more obscure forms are the 
causes of rot. Their roots, as their vegetative parts may here be 
-called, in the shape of minute white threads, penetrate the dead 
wood, at first the dead sap-wood and then the heart, and break 
-down the structure of the wood, so that finally great hollows are 
left. Successive fires, too, will gradually eat into the dry and dea<l- 
^ned wood, and not only burn out the heart-wood but consume 
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the walls of sap-wood. The base of the stock is fiually greatly 
weakeued, and storms prostrate thousands of such specimens whose 
stems above the hollow buts are perfectly sound. Or if they stand, 
the rot and Ihe fire will gradually destroy so large a portion of the 
cylinder of heart-wood that the value of the tree for lumber will be 
greatly lessened. All such, however, will finally windfall. 

EFFECTS OF BrRNINO OX TnE SOILS OF FORESTS. 

Burnings probably produce few changes in the inorganic parts 
of soil ; at least, such as may be produ(^ed, are unimportant. But 
all the organic ingredients which lay on the surface are destroyed; 
and peaty soils, which have a large proportion of inorganic mate- 
rial intermixed throughout their whole structure, are often seri- 
ously damaged by having this organic matter consumed so as to 
have their industrial value lessened or destroved. 

HUMUS AND ITS FUNCTIONS. 

One of the most important re(^uirements of forest growth is the 
humus, which is the accumulation beneath the trees of fresh and 
decaying organic matter, mostly shed by the trees themselves in 
the shape of leaves, or by the undergrowth beneath the trees. 

While humus, of course, cannot take the place of inorganic soil - 
it largely supplements it in its chemical relations, and besid^es pei*^ 
forms important physical functions in connection with tree life?* - 
Its depth and richness depend to some extent on the character o ^ 
the soil and the kind of growth which it supports. It is deepe"^ 
usually under broad-leaved trees than under conifers, and unde^' 
trees like beach and maple than under oaks. 

For the trees of North Carolina its depth and the rapidity of its^ 
accumulation are almost directly depen<lent upon the shade-bear-^ 
ing power of the trees producing it. Tliere are a few exceptions tcT^ 
this, as the black spruce, which, though shade-enduring, forms oulw" 
a poor humus, and the tulip poplar, which, though light-enduringr ^ 
forms a humus of good quality. 

Humus a Kesevoiu F(»k Water. — Humus is exceedingly hydrc^- 
scopic. The interfibrous capillary meshes and net-work absort' 
water, or even moisture, with the readiness of a sponge. During 



HUMUS ANI> ITS FUNCTIONS. 29 

rain it imbibes water uutil saturated, which adds greatly to its value 
on hill-sides, where, if the ground were naked, all the water which 
fell, and which the soil did not at once absorb, would drain off super- 
ficially. In the humus, or mold, it is stored away and gradually 
given up to the soil beneath, as that becomes drier through evapo- 
ration from the trees or through subsoil drainage. The importance 
of preserving this humus is seen, too, in the fact that it equalizes the 
flow of water in our rivers and streams, and, besides holding in 
check the great freshets, enables more water to be utilized in dry 
seasons by the hundreds of cotton, woolen and grist mills in the 
State which depend upon wat<^r for their motive power. 

The evaporation from compact humus is less than from soil in 
similar situations, since the heat-conducting power of humus is 
less. p]very agriculturist realizes the value of this fact, and util- 
izes forest litter as a mulch for retaining moisture in the soil. To 
the sylviculturist, or grower of trees, this property of humus is of 
especial importance. One of the paramount re(juisites for tree 
growth is moisture. Indeed, next to the physical properties of soil 
none other of its qualities seems to be more influential in deter- 
niiniug the character of the forest growth than the proportion of 
'iioisture present. 

Another property of humus mentioned above is that it is a poor 

<^ouductor of heat. For this reason it is affected by sudden thermal 

^Jianges less readily than drier soil is. The value of humus to 

^'oodland in this relation was fully exemplified during the spring 

^f 1894, at the time of the sudden and late frost. The severe frost 

^f April, besides destroying the foliage and nuts of all white 

h^C'tories, which are the most abundant and valuable hickories in 

^'^^ middle district of North Carolina, killed hundreds of these trees. 

The trees killed stood on southern hill-sides or crests, where the 

S^ouiid was open and there was no humus, and these trees had par- 

*^^l]y leaved out; while no or only slight injury was done to other 

"^^koriesof the same kind which were situated with like aspect but 

"^ thick growth, and with a good humus around them, and whose 

^^ds consequently, being less effected by the spring warmth, had 

^^t yet exfoliated. This method of mulching with humus to delay 

^^Viation or florescence, as a safeguard against late frosts, is artifi- 

^^^\\y practiced by orchardists, especially peach growers. The 
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hickories killed bv this freeze were «lmost entirely mature trees^ 
the young ones being more usually found where there is consideni- 
bl(» undergrowth, and couse(juently some humus. 

TiiK Bknkficial ('han(;es Htmus 1'ni)ER(joes. — The chemical 
properties of humus are regarded by agricultural chemists as being 
of the first importance in farming, and they lose none of their 
value bv transference to the forest. The chemical elements found 
in forest humus are, of course, those necessary for the building of 
trees, since the humus is <lirectlv derived from this source. The 
natural changes which this humus undergoes are such as are most 
b(»neiicial for the growth of the surrounding forest, and show the 
power of organic life to husband its resources and render available 
for its own nutrition the products derived from the disorganization 
of its own wastes. 

Humus, by its decay, forms organic acids, and these in turn forni 
salts by combining with the mineral bases, potash, lime, soila and 
magnesia, which exist as such in the leaf tissues. These salts, like 
the humus itself, are only slightly soluble in water, and this pre- 
vents them from being entirely washed out by drainage, and their 
usefulness, as far as the soil of that locality is concerned, being for» 
ever lost. 

Sooner or later, however, these compounds undergo another 
change, combining with stronger acids of the soil, when their fixa- 
tion is complete, and they return to the original or similar com- 
pounds from which they were primarily derived by plant life. 

Ammonia, or nitrogen, in the form of compounds available to the 
living plant, is one of the expensive constituents of many com- 
mercial fertilizers, and is one of the bases of their value. The 
nitrogenous wnste from humus is in the form of ammonia combined 
with some of the plant acids, or other organic compounds, or with 
part or all of these compounds rephiced l)y a mineral acid. Finally 
most of it becomes fixed in the soil as nitrates of alkalies, lime, 
magnesia, potash or soda. \n this manner tlie valuable nitrogen is 
again brought back to the soil to enter into the formation of plants. 

EFFECTS OF FIRHS ON HUMUS. 

Fires interrupt this process, which nature has perfected for con- 
serving its energy. They consume all that part of the humus which 



KFFECTS OK FIRES ON HUMUS. ' 31 

lies upon the surface of the earth. Ikit they produce changes of 
more consequence tlian mere interruption. By the burning the 
humus is reduced to ash, while the volatile parts and the gases of 
the combustion pass off as smoke. There are included in these 
giises of the smoke the carbon or charcoal part of the humus, and 
other elements, which would have yielded, in connection with this, 
organic or earthy acids, had decay continued under normal condi- 
tions. The most valuable compound, which is in this way de- 
stroyed, is the ammonia, or nitrogenous part of the humus. The 
heat volatilizes this, or sets it free from the complex bodies of which 
it formed a part, and it is dissipated in the air. 

All that the fire leaves is a small quantity of lose ashes. The 

first wind that»comes can blow it entirelv awav, so far as that local- 

ity is concerned. Although they look alike the ash from the pines 

aiul from the broad-leaved or deciduous-leaved trees differ much 

in the proportion of the different alkalies and other compounds of 

which they are formed. That from the pine contains more of the 

alkaline ingredients that are soluble in water, almost one-half of 

their weight being thus soluble, while only about one-sixth of the 

Height of ordinary hardwood ash can be dissolved in water. If the 

f'ountry is at all hilly the water of the fii*st heavy rain that falls, 

^'Uce it now has no humus to hold it in check, will bear oti'all the 

'*^^>Iiible portion of the ash. 

-A great part of the insoluble ash will in like manner be washed 
a%Viiy — if the countr}^ is steep and the rain heavy, practically all 
^^^ it, since, being Hght and loose, it does not otier the resistance that 
^^Hipact earth does. The soluble parts arc deci<ledly the most 
^'^^luable. In both pine and hardwood ashes they consist chiefly of 
^^^Iphuric acid, potash and soda, while the insoluble parts are 
*^t*gely lime, iron and sand in pine ash, and lime with small quan- 
^^^iesof magnesia and phosphoric acid in those from hardwoods. 

This burning thus robs the burnt lands of their available min- 
^^i\l salts, on which fertility is so largely dependent. If persisted 
^^^ it eventually greatly lessens the productive power of even the 
"^st of soils, especially in hilly or mountainous districts. 

It is fortunate that the pine forests of North Carolina, in which 
^ much burning is practiced, grow for the most part in plains and 
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upon sandy or gravelly soils, which allow ready percolatiou by 
the rain water and afford (juick fixation of the alkaline and other 
parts of the ash. By this fixation the solnble part of the ash — and, 
as has been said, over 50 per cent, of pine-wood ash is soluble — is 
ma<le less soluble, so that drainage water will not bear it off. This 
fixation niav or niav not atfeet its availability, so far as the plant 
is eoncerned. About that, as vet, verv little is known. 

PKATV SOILS. 

Moreover, there arc soils which are largely made up of humus. 
There are peaty or highly organic soils chieiiy in the north-eastern 
section of the State, around the Dismal swamp, in Hyde and Dare 
counties, and areas of smaller extent but similar in character in 
Pamlico, Lenoir, Duplin and Bladen counties. These soils are 
either those which from intermixture of sand and their capa- 
bility of being drained are suitable for tillage or those which 
'*sour" and are usually too low for complete drainage. The first 
kind fretiuently rests on a bed of green sand or marl, and before 
cleared — for such land is now largely cleared — was covered with 
cypress, gums and tulip poplars; much of it, too, was once lakes 
that have filled in with deirifus; while the second kind, which is 
''sour," bears a growth of white cedar (juniper) or white bay and 
has usually passe<l through the successive stages of a sphagnum 
bog before reaching its present condition. 

The sour or peaty lands can be put to no more profitable use than 
growing white cedar; keep the fires out, protect the young growth 
of white cedar and keep it as nearly pure as possible. It is 
decidedlv the most valuable tree of eastern North Carolina; 
l)tsidi s l)eing an abundant seeder and of rapid growth it is exceed- 
ingly hardy. It is a yearly event, however, to hear of a fire, often 
originating from carelessness, passing through one of these swamps 
and consuming not only the trees both great and small, but fre- 
(juently Inirnin'i: out the soil until its level is so lowered that white 
cedar will no longer grow upon it. There are thousands of acres 
of timbered swamp Ian<ls which have been ruine<l in this way in 
the Dismal swamp and in such counties as Dare and Hyde ; and it 
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frequently liappens that peaty lands, even while under cultivation, 
are burned out and greatly injured. 

DAMAGE TO THE STATE LANDS DY FIRES. 

The State Board of Education controls for the educational fund 
of North Carolina a large amount of swamp lands in eastern 
North Carolina. Although some of it is heavily timbered much 
of it shows to the fullest extent the ravages of fire. Some of this 
swamp land which remains unsold has naturally a poor, compact 
soil, and is incapable of sustaining any but an open and scrubby 
forest growth. Some of it, however, which is now largely covered 
with cane-brakes, shows conclusively that it was at one time heavily 
timbered, probably with gums, poplar, oak, and cypress, and that 
innumerable fires have kept the trees killed down while the cane 
has spread until now the timber on the lands is perfectly worth- 
less. Considerable areas of these State swamp lands, being regarded 
as belonging to no one in particular but to the public in general, 
have been robbed of their valuable timber, and are now annually 
fired for the purpose of improving the grazing advantages they 
may offer for the neighborhood herds of cattle. In this way not 
only has the land been robbed of its supply of mature timber, but 
the young forest growth also has been destroyed, and thus the 
future timber supply cut off in large measure. 

AREA OF WASTE LANDS IN NORTH CAROLINA. 

The census of 1880 gave some interesting and significant figures 
upon the proportion of the area of this State in woodland, in culti- 
Tation, and '* other lands,'^ which are idle or unproductive. The 
^nnount of this idle or waste land given at that date for North Caro- 
lina was 2,000,000 acres, or one-tenth of the entire area of the State 
^vas lying out as old fields or other waste lands. An investigation 
of the forest lands of the eastern counties, undertaken during 1893- 
1H94 by the Survey, showed that there were in the long-leaf pine 
counties alone, those counties lying south of the Neuse river and 
east of Montgomery county, over 400,000 acres of sandy forest lands 
which were producing no valuable forest growth, and under the 
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present negligent management are not likely in the future to do so. 
This is j)artly hind which, after being lumbered, has beeu burnt 
over, or the tree growth, hv the many repeated burnings, has grad- 
ually been reduced from long-leaf pine forests to scrub-oak thickets, 
with still a few scattered pines u{)on it. 

The area of the waste lands in other sections of the SUite has cer- 
tainly increased considerably in the past fifteen years, so that it can 
be no exaggeration — in fact, it is a decidedly small estimate — to 
say that there are now in North Carolina over 3,000,000 acres of 
waste or unproductive land, including old fields, bramble lauds, 
and forest lands with only a growth of scrub oaks. This makes 
about one-eighth of the entire area of the State which is at the 
present time unproductive, cither of farm crops or forest products. 

ARKA OF WASTK I.ANDS IN KASTKRX NORTH CAROLINA. 

In the eastern counties, with sandv or sandv-loam soils, and Iving 
within the coastal plain region, the area of the waste land in forty- 
two counties amounts to over one million acres, or to one-tenth of 
the total area of those counties. Except the pine barren lands 
which have alreadv been discussed, anv of these lands would be 
quickly and thickly seeded by the valuable loblolly (short-leaf) pine, 
and would soon be covered with a heavy young growth of these pines ^ 
if the fires were kept ofi'. Where the loblolly pine has been lum- 
bered snjall post and re<l oaks usually come up. This should be 
discouraged, as the pine growth is the more valuable of the two. 
The cause of the oaks aj>pearing is that the young oaks, being able 
to bear a light shade, are usually found growing under the pines, 
and if, as usually happens, a leaf-fire [»asses through the woods after 
the merchantable |)ine has been cut, the young pines which come 
up with the oaks are killed, so that the oaks alone remain. In 
this section considerablv over half of the area is vet woodland, 
though a great part of it has been lumbered. 

ARKA OF WASTK LANDS IN THK MIDDLK AND WESTERN COCNTIES. 

In the midland counties, which extend westward as far as the 
foot of the Blut^ Kidge and eastward to the sandy soils of the low 
district, the area of the waste lands amounted, according to the 
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Ignited States Census of 1880, to over l,o()(),000 acres, or between 
one-fifth and one-sixth of the total area. Onlv a little over one- 
lialf of the area of this district is now in woodland. The waste 
land consists very largely of old fields, many of which have upon 
them so heavy a sod of broom-grass that it is impossible for a young 
seedling to gain a foot-hold. Some of these grass lands in the early 
spring, when the young grass is coming up, after the old has 
l>een burnt off, give a scanty pasturage for a few cattle. A large 
part of the area is typical red clay old fields, washed and gullied, 
with a poor sod or none, and brambles, persimmon trees and sassa- 
fras scattered along the fence rows. 

In the mountain counties, except in a few localities, around 
.some of the larger towns and in long settled communities there is 
very little waste land. In some places, however, there are steep 
hill-sides which it has been found unprofitable to cultivate, and on 
which no turf has formed. These consequently have badly washed 
and gullied. Turf forms on the clayey soils from the slaty rocks 
less readily than on soils, in similar situations, from the gneissic 
rocks and schists, and there is, therefore, more washing and gully- 
ing of the land on the first mentioned soils. There was in 1880 
only one-twentieth of the land in those mountain counties lying 
out as waste land, neither in fields, pasture nor woodland. 

YOUNG GROWTH ON W.\.STK LANDS. 

With the farms scattered as they are through the forests, and sur- 
rounded on all sides bv numerous kinds of trees it would be almost 
iiiipo-ssible for a year to pass without the seed from some forest tree 
being scattered on the numerous old fields and other tracks of out- 
lying, waste or unproductive lands. 

Young trees in fact do appear, |)ines clnelly in the lower division 
of theState, oaks mixed with pines in the midland division; pines, 
oaks, tulip-poplar, birches and maples in the mountains, according 
to the situation. What alone prevents the young trees from grow- 
ing on the lands are the recurring fires. It makes little dittbrence 
where situated the waste lands which are connected with farms 
are almost certain to be broom-grass fields. The burning of this 
grass, thick and three to four feet high, as it grows, will kill out- 
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right the most vigorous young trees four or Kve feet high or higher. 
After the grass has l>een in possession a good many years it forms 
a sod or turf, if such it can be called, which effectuallv chokes out 
the young seedling of all except the hardiest species. 

CHAXCfES IX THE FOREST BODY. 

While the changes which our forests are undergoing are gradual 
they are certainly effective; and the vicissitudes which we know 
have been occasioned elsewhere by such degenerative changes in 
the composition of the forest body are none the less sure because 
slowly produced. These particular changes which are now taking 
place must be passed through, at least to a certain extent, that we 
may realize them and take due precaution against their continuance 
or repetition. 

Happily for us the waste of our forests and their alterations have 
been i)roduced by ourselves in the att^nnpt to satisfy our own needs. 
Our timber production uj) to the i)ast decade has been almost 
entirely for domestic consumption. Primarily a clearing was made 
for agricultural needs, then the timber was used for building our own 
houses, fencing our own lands and furnishing our growing demands 
as fuel. While it was used in such a way, and only the largest 
specimens culled for special purposes here and there, it w^as felt 
that the forests were practically inexhaustible. 

INCREASE IN THE LUMBER INDUSTRY. 



The past fifteen years, however, have marked grave results. 
Since 1880 the output of lumber in North Carolina has more than 
trebled; and the value of the cai)ital engaged in manufacturing 
has increased from §1,740,000 as reported by the census of 1880 
to over $<),000,000 at the i)resent time. It can be said to mark 
the results of a decade, for far the greater part of the increase has 
taken place during the past five years. It began along and near 
the coast where abundant water-ways afforded cheapest transporta- 
tion facilities for both logs to the mills and the finished material 
to tlie consumer; and the timber most in demand has been the 
hitherto neglected sap loblolly ]>ine. Already this new industry 
has made deep inroads into the forests of that section. Not con- 
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tent with the so long despised *' old-field " pine the swamps have been 
canalled to reach the cypress and white cedar (juniper). This 
increased production here is to compensate for the continually 
increasing shortage in the yield of white pine in the north-eastern 
States. In Michigan alone this shortage last year was more than 
the entire annual production of pine lumber in North Carolina 
amounts to at the present time. 

Last year (1894) less than one-lialf of the seven or eight hun- 
dred million feet of lumber manufactured in this State was used 
here; and each vear, as the demand for Southern lumber becomes 
stronger with the increased consumption and the exhaustion of the 
forests of the Northwest, a larger proportion of our manufactured 
[jroduct will be for shipment. 

The utilization, on a commercial scale, of the hardwoods of this 
State has scarcely yet begun. Of the 800,000,000 feet of lumber 
manufactured in this State during 1894 not over 50,000,000 feet 
were of hardwoods, oaks, ash, walnut and cherry. In spite of the 
general existing industrial depression the year 1894 chronicled the 
investment of over $300,000 in the hardwood forests of western 
North Carolina bv northern lumbermen, while there had been 
j)reviously invested several times that amount. Cypress and yel- 
low pine lands alone, to the extent of 111,000 acres and $346,000 
valuation, were owned by Michigan millmen in 1890. 

The next decade or two will witness the development of the 
hardwood industry until it readies the present i)roportion of the 
pine industry; and far-sighted millmen, seeing what an important 
part the hardwoods of western North Carolina are to play in the 
lumber market, are attempting to secure them before their value 
becomes generally known and they increase in price. 

Without going further into the future development of the lum- 
ber industry in North Carolina, and the markets to be supplied by 
it, the general facts relative to the extent of our own demands and 
uses, the yearly rate of accretion of our forests, and their capability 
of yielding the products, must not be lost sight of. 

PRODUCTIVE CA1»ACITY OF NORTH CAROLINA FORKSTS. 

There are in North Carolina at the present time about 12,000,000 
acres of land in productive forests. The average yield of this land 
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per nniiuin is only ubout fifty to fifty-tive cubic feet of wood, or 
about three-fourths of a cord to the acre. In the mountains, in 
I)hices, the yield is twice this amount, and on some of the more fer- 
tile sandy loams of the north-eastern counties it is eighty to ninety 
cubic feet per annum: l)ut the smaller annual increment from the 
greater part of the woodland largely reduces the average. 

This small yield is due to the woods being kept open, or non- 
productive, by the frequent burnings, and, in the hardwood forests, 
by the continual presence of cattle, which keep certain kinds of 
young growth eaten down ; and of hogs, which never give the seed 
of other kinds even an opportunity of germinating. A great part of 
the land in the eastern section of the State is kept open by these 
agencies, so as to i)roduee only scattering and short-bodied trees. 

Some of the second growth woodland in the middle district suf- 
fers severelv from the same causes, but not so much as in the east- 

ft 

ern section, and in many parts of the mountains, especially those 
parts where cattle antl sheep-raising are leading occupations, the 
woods are severely injured by both stock and fires. The harm that^ 
is being done in the mountains is as yet scarcely noticeable, as im 
most sections the mature forest still stands unbroken bv the axe_ 
But wherever there is a particular kind of tender growth it ii=: 
noticeable that there is, even in the finest forests, no young grow^tln 
readv to take the place of the mature trees on their removal. Everv— 
where destruction is pressing, and nowhere do the natural forces c 
growth prevail unchecked. 

The average yield per year in this State should be not less thaa 
sixtv-five to seventv cubic feet of timber to the acre, and the bes"^ 
quality of timber at that. With dinuite as equable as this, and 
rain-fall abundant and evenly distributed throughout the year- 
there are encountered none of the natural drawbacks to fores ' 
trrowth which svlvi(!ulturists must so often contend with. Thi" 
.soils, too, are good, and well adapted to tree-growing; there is bu 
little land rocky, or excessively dry, most of it, in fact, being dee 
and well drained. 

If the three million and more acres of idle and W'aste lands bi^ 
considered in this connection as forest lands, and much of it reall , 
is such, the average annual increment is reduced much lower tha 
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is giveu above. Taking the annual increment on the basis of fifty 
to sixtv cubic feet to the acre, the total vearlv vield of our forests 
will only amount to about 792,000,000 cubic feet, or 9,000,000 
cords of wood; while there was taken from the forests in various 

ways during the year 1894 not less than 97o,000,000 cubic feet, or 

10,600,000 cords of wood. 

There is, then, a great deal more wood being yearly taken from 

the forests in North Carolina than the yearly growth replaces. 

CONSUMPTION or WOOD IN NORTH CAROLINA. 

By far the larger part of the wood used in this State is for domes- 
tic fuel. In the consumption of wood for fuel North Carolina 
ranked, according to the census of 1880, as the fifth State; 7,000,000 
cords being used for that j)urpose alone in 1879 by the people of 
^his State. This is equal to five and one-half cords per head for 
6\'^ry person in the State. The value of the wood used for fuel 
t'i^t year was $9,500,000. The consumption has probably greatly 
^'^crreased since then, as the population has increased over 300,000; 
'^ certainly has not decreased, and is not likely to do so, as wood is 
^^^t only the fuel for the entire rural population, but is the chief 
^'^^l used in all the towns, and in manufactures of all kinds and 
*^.>'" many of the railroads now in operation. The general quality 
^^ the wood thus utilized is on the whole low, but in the south- 
^^^5stern counties some of the finest pine is being used in this way 
^ ^^ <i the same may be said for young hickory in the midland counties. 
^Material for construction makes the next largest inroads into the 
*^ r-est. There were at least 200,000,000 cubic feet of wood thus used 
*^^t year, including lumber, shingles, hewn timber, railroad ties, 
^o-legraph poles, etc., and taking into consideration the tops that 
^^^ left unused in the woods; while there was half as nmch more 
^^^d for rail-fencing, fuel for manufacturing and destroyed by fire. 
E v^en this does not represent the entire amount of wood that this 
St-Qte furnished, for many million feet of round timber, mostly 
^^ lip-poplar, w^hite pine, ash and hemlock-s])ruce, were sent to mills 
^^^ east Tennessee by way of the rivers flowing westward out of this 
St^te; while 250,000,000 to 300,000,000 feet, board measure, of pine 
*^ d whit« cedar logs were exported from the north-eastern counties 
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to mills ill the adjacent parts of Virginia and were there manu- 
factured. Moreover, there were exported from this State over 
400,000,000 feet, board measure, of manufactured lumber, besides 
square timber, railroad ties, posts, etc., in smaller quantities. 

VALUE OF THE ANNUAL WOOD PRODUCTION IN NORTH CAROLINA. 

While the single item of fuel is decidedly the most important of 
any forest product, both in value and quantity, it represents less than 
one-half of the entire aggregate, including both crude timber and 
the manufactured product in North Carolina. The value of the 
crude timber produced in the State during the past year was about 
as follow^s: 

Value of fuel, domestic and for uianufarturing $10,000,000 

Value of 8aw-loj?8 at mills 3,500,000 

Value of round timber, exported 1,000,000 

Value of railroad ties and liewn timWr of all kinds, 500,000 
Value of all split fencinj^, posts, etc 500,000 

Total value of all crude i)roduots $15,500,000 

If the value of the manufactured products, including by-pro- 
ducts like naval stores, tan barks, various oils and extractives, 
be included, the total value of the forest products of this State wi^^ 
certainly not be less than $22,00(),()0i) and probably will reach t^* 
high as $25,000,000. 

The largest items under the head of manufactured forest pro^* 
nets are : 

Manufactured lumber of all kinds $7,300,000 

Special industries, veneers and woodenware 300,000 

Cooperage 125,000 

Paper mill products (from pulp), estimated 100,000 

Kesinous producrts (naval stores, etc.) 1,750,000 

Tan barks and extracts 45,000 

Wagon, buggy and car factories (>00,000 

Furniture and repair shops 200,000 

Oil of wintergreen 30,000 

Packing boxes, undertaking caskets and agricultural 
implement manufactories 85,000 

Total $10,535,000 
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If the items which are counted twice be taken from this amount 
and the value of the crude timber wliich is not manufactured be 
added, it will give nearly $23,000,000 as the value of the forest 
products of North Carolina, and this does not include the great 
item of building and construction, and several minor items. 

This makes the forest crop decidedly one of the most valuable 
in the State. It is nearly equal in value to the corn crop, and 
exceeds the combined value of all other grains. It greatly exceeds 
in value the united products of all the fioricultural and horticul- 
tural interests. 

THE PERIOD REQU1KEI> FOR FOREST ROTATION. 

At first glance it seems paradoxical to state that the yearly pro- 
duction or accretion of our forests is less than 9,000,000 cords, 
while these same forests are now furnishing over 11,000,000 cords 
of wood per year. As a matter of fact, the growth which is now 
being cut up in a decade or two represents the accumulation by 
the united energies of nature of several hundred years. The only 
way to ascertain the length of time it rec^uires a forest to reproduce 
itself is to determine the period required for the individual trees 
which compose it to reach their maximum age and size. 

The loblolly pine (short-leaf or old-field pine of the eastern 
counties) is under favorable conditions one of the most rapid grow- 
ing trees. Even it requires fifty to sixty years for the old-lield 
growth, where the soil lias been cultivated and enriched, to become 
large enough for saw-logs with a diameter of about two feet; while 
the ordinary swamp or rosemary })ine growth, which furnishes so 
rnuch of the timber, represents a growth of over a century. Tlie 
cypress, which are exceedingly slow growing trees, recjuired two 
or three times as long to reacli their present proportions. Long- 
leaf pines sixteen and twenty inches in diameter are bt^tween 
one hundred and twentv-five, and two hundred and tiftv years 
old. The mixed pine and hardwootl forests of tlie midland coun- 
tios represent in their virgin condition from one liundred to one 
t^vindred and fifty years^ growth; while it will reijuire from two 
^^^^udred to three hundred years to replace the forests of the moun- 
^^ins when they are destroyed. 
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Taking the figures of the eensus* of 18S() as a hasis, and these 
figur(\s are doubtless sufficiently correct, about that year tlie rela- 
tion between our wooded area, the rate of accretion, and the rate 
of consumj>tion from, or rather the rate of depletion of our forests, 
was such that consuini)tion just about e(jualled the total accretion 
of that vear. Kach vear after the occurrence of this state of 
e(|uilil)rium there has been a more decided change in the relation 
of total accretion to consuniption ; for not only has the forest area 
been constantly lessening by the encroachment of arable lands, 
which decreased the productive |>ossibilities, but there has been a 
constantly accelerating increase in demand as population increased 
and wants multiplied. We have now reached a situation where 
depletion largely exceeds accretion. 

It is evident that it is from no lack of woodland, for over one- 
half of the total area of tlie State is still in trees. Some change, 
therefore, must be made if the forests are to continue to supply our 
at j»resent extravagant needs. 

FOKKST AKKA OF NoKTH CAKOMNA AND KLSKWUKKK. 

While it has very little bearing on the present subject it may 
not bo inaj)propriate to give the i)roportion of the area under forest 
in some of the principal countries of the world. European Russia 
has 4<) ))er cent, of its area in woodland, which is about the same 
proporticni which is in this State. Austria has about 32 per cent. 
(jf its ana in forests. There is 2() per cent, of the CJerman Empire 
in forests, nn<l these are so well managed that they supply the needs 
of ih'iirly the entire (Tcrnian people. Systematic forest manage- 
ment and protection of woodland is of long standing in Germany, 
and tlie knowledge and ex]K'riencc» thus gained has been dissemi- 
ujited throughout all Ku rope, and is now being utilized in conserv- 
in^i nnd increasing the elHeitMiey of the forests, not only of the most 
advanced Knropean countries, but also of India, South Africa and 
Australia. 

In France tlie system of Germany has been adopted, but with such 
alterations as best suited local conditions; and by its application 



*TlK'«ic- figiiits will tlo for cotn])arison. but for actual calculation the rate of accretion should 
be- oiiisiderahly snialkr. ami at the same time the rate of depletion larger, which would make 
this period of neutrality antedate the year itfiven at least a decade, or about 1R70. 
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tlie people are largely enabled to supply their own wood with only 
1 G per cent, of the total area in forest. In spite of the natural econ- 
oi^iy of the people of France, and the fact that other materials than 
wood are extensively used as fuel, considerable amounts of build- 
ing timber are yearly imported. The forest area, however, is now 
Uo'ing extended by the planting of new forests. The amount to 
v^'tiich coal is used for fuel, and brick or stone for building mate- 
riixls, affects more than anv other factors the amount of wood re- 
q i^xired per capita. Omitting the area west of the Blue Ridge, which 
i*^ iit present heavily timbered, but forms only a small part — less 
tli^u one-seventh — of the aggregate area of the State, the wooded 
r><^>rtion of the remaining part is less than one-half of the total area, 
f^r^iicticallv all the fuel used in North Carolina is wood, while in 
tl"! ^ entire eastern section of the State wood is the only building 
^^^ iiterial available. 

PER.MANENCV OF FORESTS. 

That one cannot hope to see a young growth reach maturity and 

b^r'vome merchantable sized saw-logs in a few months or a few 

yc^-ir.s should not deter him from properly protecting and en- 

^*^>uraging woodland growth. In forests which have been partly 

^'^lled, as most of those of this State have been, and where 

^*^^re are many trees mature or nearing maturity, a thicket of 

y<^ung growth beneath the higher trees serves an important 

*^^xiction in shading the ground, aiding in the retention of moist- 

^I'e and thus stimulating the older trees into renewed activity, 

*^^id especially is this true of oak woods. That tree-growth is most 

^*^pid when the woods are kept open is a saying seemingly based 

^^^1 fact, but erroneous in itself. The cliief re([uisite in timber is 

^^iigth of bole and freedom from knots. This is secured only by 

**^^ans of a thick growth during wliat is called the heiglit-growth 

Period of the tree's life. It is under these conditions that the 

ff^^atest yield to the acre takes phice. Diameter-growth, whicli is 

^^^^quently thought to represent total growth, is attained l^y full 

*^^ht conditions; but this thickening of the stem is easily secured 

*'^'t-<?r height is gotten, especially in the hardwood forests wiiere eull- 

"^S is practiced, by the removal of eitiier the highest trees or those 
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sliglitly overtopped, as the individuality of the species may nc 
sitate or economv demand. 

Forest growth, both old and young, then, should be regarde 
an integral part of the productive wealth of the country. It, 1: 
ever, can only yield returns commensurate with its value when 
young growth is carefully protected from tire and the destruc 
attacks of cattle. 

A forest is not a mine of wealth, nor does it rei)resent a min 
any sense of the word. The wealth of a mine is incapable of 
crease or replenishment wMien once exhausted, ^^ore tittingl 
forest is considered a soil crop, as liable to external injury as 
other soil crop, the merchantable trees representing the mat 
harvest, which should be removed in such a way as to not serioi 
interfere with the younger growth, which in time wnll also re 
maturity if properly protected. 

It must be considered as a permanent factor in wealth product 
and care taken to husband its resources and to favor in every p 
tical way the growth of those kinds of trees which are now fi 
recognized as commercially important. Although the forest* 
other parts of this State have not heretofore been of industrial 
portance, the forests of the eastern section have during the | 
thirty years been playing such an important part in its commer 
and industrial relations that this fact need not be here dwelt uj 
It is sutKcient to say that the value of the forest products manu 
tured in that section last year (181)4), from the pines alone, amoui 
to over §7,000,000, and the very basis of tlie prosperity of moi 
the larger towns in that region is the trade in or manufacture 
forest products. 

The hardwood forests of tiie middle and western districts are c 
now beginning to have a general comnu^rcial value for their p 
nets. This once assured, and tlie forests then will be comr 
cially as important as in the coast region, and their depletion 
be V>rought about as speedily. 

l.OSSKS FROM I'OltKST KIKKS DrKIXCJ 1894. 

With a yiew (d' determining api)roxiinateIy the losses caused 
forest tires in the State during 1894 the Geological Survey recei 
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seiit a number of circular-letters to persons living in the several 
counties, and the statements published below have been abstracted 
from the replies received. Many of the replies were so general or 
vague in their statements that they furnished no accurate data, 
even for local districts, merely stating that the "damage was large'' 
or *• forest fires common.'' in the middle district, where herds of 
improved cattle are coming to be kept and are more properly cared 
for, there are in many of the counties stock or no-fence laW'S, which 
rc'strain ciittle from running at large through the w-oodland. This 
has caused the practice of burning the woods to be largely discon- 
tiiiued, and very few fires w^ere reported at all from the midland 
counties. The most numerous and severe fires were in the south- 
eu stern counties, where the chief cause for burning was to secure 
pivsturage for a few cattle. Other fires in this section were thought 
^^> liave originated in efforts to protect turpentine orchards and to 
pi'otect homes or crops from destruction by accidental fires. Only 
^ tVjw fires were reported as having been caused by the carelessness 
^^* railroad hands, or by sparks from 'locomotives. 

SUMMARY OV REPORTS FROM COUNTIES. 

-Abstracts have been made of the reports received from each 
^'^^Vinty, preserving in each case, where it was possible to do so, the 
^^'^^rds of the correspondents. The reports are based on answers 
^^Oeived from about 250 letti^rs and circulars sent to persons in 
^■^^htv of the ninetv-six counties. The sixteen omitted counties 
"^>' in the middle section of the State. 

Alexander coitntv. — Onlv a few forest fires, and these of the 
^ ^ lid that may be called leaf-tires, were reporte<l from this county 
^^ having occurred during 1804. 

Axsox COUNTY was almost exempt from forest fires during 181)4. 

^^o-sides numerous leaf-fires, a severe fire burnt or seriously damaged 

*^^^ timber on probably 200 acres of long-leaf pine land in the 

^*^Vithern part of the county, occasioning only a nominal (himage. 

*^e destruction of undergrowth among pines by tire is not consid- 

^^^Cid a loss by the people, and in some places the burning of wood- 

^ Vid is regarded by them as being rather beneficial than otherwise. 

Bertie county. — Numerous reports from this county state that 
^^"*^ile there were many small tires, mostly leaf-fires, the damage 
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(lone to timber and fencing was not great: 3,000 to 6,000 acres 
were burned over, with a loss of $1,000 to $2,000. The origin of 
many of the fires was attributed to railroads. A great deal of young 
timber was destroyed. 

Bladen county suffered from a number of large fires during the 
spring months, burning over hundreds of acres with an almost total 
loss of timber. One report places the number of acres burned at 
"),00(>, with a loss of $2,00(); the largest fire being at the head of 
Colly creek, and burning 2,000 acres, with a loss of about $600. 
Firing the woods was intentional, and was done to get tender grass 
and to protect against unex[)ected fires in dry seasons. 

Hhunswick rouNTY. — The fires in this county were for the most 
part grass-fires, which were set in the spring for i)asturage. A large 
portion of the county was burned over; some turpentine timber 
was destroyed, though its loss did not amount to much. Firing 
the grass is commonly practiced. It has ke[)t most of the pines 
killed down and already killed out a large part of the young crop 
of long-leaf pines, which resulted from the mast of 181>2. 

HiNcoMBE coiNTY. — Bumiug the woods has nearly ceased in this 
county, but is still to some extent practiced in the mountain dis- 
tricts, where cattle are grazed in the woods. 

BuKKE corxTY. — There were 7.()00 to 8,000 acres of timbered 
lands reported as burnt over in the South mountains alone, killing 
a large amount of pine timber and burning much fencing. Fires 
also occurred along the Blue Ridge and along the line of the West- 
(M'u North Carolina railroad, but did no great damage. All forest 
(ires after the iirst of March kill much of the young forest growth. 
Fires were said to have originated from l)urning brush, o'possuin 
liunt(M's, and more fre(iuently from incendiarism ; those along the 
railroad from locomotives, and some were set by chestnut gatherers. 
( )iie corrcs[)ondent thinks that burning the dead herbage and under- 
growtli docs good by killing insects: but sometimes it also kills^r^ 
yellow pines an<l growing tinibei". The benefit that may be don^^e 
in the way of killing insects is doubtless insignificant as compare*^' 
with the damage resulting from these forest fires in the way of kil J 
ing out the young tree growth. 
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Caldwell county. — One correspondent states that he knew of 
nine hirge fires; one in March in Lenoir township, one in March in 
(ilobe township, one in March in Patterson township, one in April 
in Yadkin Valley township, one in November in Patterson town- 
ship, and another there in December; one in December in Yadkin 
\"alley township, one in Lower Creek township and one in Kings 
Creek township. There were from 10,000 to 15,000 acres burned 
over, with a loss of about $5,000. 

Another correspondent mentions seven fires in his section of Cald- 
well county during the year 1894. Ont^ of thes(^ was in June in 
(jilobo township, and in August and iigain in November in the same 
township. In Noveml)er, in the central part of the county, near 
Lenoir, two fires occurred, one in Yadkin X'alley township and 
another in Yadkin Valley and Patterson townships in Decend>er. 
There were about 40,000 acres burned over, with a damage to tim- 
ber of about $G,000. Young poplars and chestnuts suiter most 
from these fires, but white pines are very much injured, oaks are 
.scarred and often injured for lumber, as is also the case with chest- 
nuts nnd hickories. These fires, this correspondent thinks, will 
cause the gradual disappearance of the chestnut. The trees are 
scorched bv the fires and decav sets in on the burnt side. Fires 
are set in the woods to make the grass grow for cattle, and to burn 
the leaves so hogs can get mast. Whc^rever the stock-law has been 
introduced the number of (ires has been much lessened. 

Catawba county. — The damage to timber from forest fires in 
Catawba county, as in many of the other counties in the middle 
section of the State, was slight so far as could be learned. The 
timber in the county is largely of hardwoods, usually with hard- 
wood undergrowth in the forests. 

The damage to timber in MKrKLi:Niu;K<;, Davidson, Ivandolph, 
Guilford and Pkrson counties was caused bv oecasional leaf-tires, 
and was on the whole not great. 

Camden county. — A forest fire on the ''lake" side l)urned 

through to the swamp, near the Currituck county line. ( )ver 2,000 

aores were burned over, with a tlamage of §2,000 to timber and con- 

••^siclerable damage to other proi)erty. One rej)ort states that a large 

K re usuallv occurs in this localitv everv vear. There were several 
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brush and leaf-fires in other [>arts of the county, which occasioned 
no more serious loss than the <lestruction of the young growth. 

Coi.i'MBrs corNTY, — Correspondents stated that burnings had 
occurred in numerous localities in this county, but thev were una- 
V)le to give the extent of the losses. One fire, burning over about 
500 acres, occurred near Fair Bluff", and occasioned a loss of $120. 
Tt is said to have been due to the carelessness of railroad employees. 
Other and larger fires occurred in the north-westeni and western 
parts of the county, near Hub and Lennon's cross roads. The large 
tur|>entine forests of this county have been gradually destroyed by 
fires, which have also burnt the young growth down as fast as it has 
api)eared. 

(^rMBKHLAM) coiNTV. — A Correspondent living in the eastern 
section of the county writes: ** It is impossible even to approximate 
the number of forest fires occurring in this county. They take 
place mostly in the late fall, when their illumination is almost 
nightly seen and frequently at every point of the compass at the 
same time. The danuige caused by them during the past year was 
very great, especially to old pines, and the area burned ov^er large. 
The greater j>art of the young growth in the forest has been destroj'ed 
except the black-jacks, which in their green state are nearly fire- 
proof, and it is fortunat(» for the people of the sand-hills that it is 
so. Burning the woods is far too common, but is clandestinely 
done, as public scmtiment decries it. It is done to stimulate early 
growth for worthless cattle." 

EiMjKcoMFJE couxTV. — A Correspondent writes that so far as he 
was able to judge, after consultation with others, more than two- 
thinls of the entire forest an^a of this countv was burned over in 
February, March and Aj)ril. Fires in the woods at other seasons 
occasion but little damage. The damage to the standing timber 
(Mich year is from '") to 10 per cent, of its value on the area burned 
over. When a forest is not burnt over in a number of vears thc^ 
damage then from lire is much greater. Lo.sses from burning tr*U 
fences amounted in 1S94 to about $'")()(). Fires are usuallv ace ._' 
dental from burning old fields and brush and hunting with torcl 
TIh'V have burned down most of the boxed pines and destroyed tl 
vouno; growth of timber. 
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Oil the basis above given 60,000 to 80,000 acres must have been 
burnt over, with a loss of $10,000 to $20,000. 

(iRAHAM corxTY. — Burning the woods has l)een practiced in this 
and in Cherokee countv ever since thev were settled, and before 
that time the Indians practiced it. The trees in many places, 
especially the chestnuts, have been scorched on one side and then 
hollowed out from the effects of the fires. Much other timber and 
young growth is injured. Many of the mountains in Graham and 
Swain counties were burned over In' the Indians during the past 
vear. It is safe to sav that one-fourth of the mountain lands of 
the.se three counties, (iraham, Swain and Cherokee, was burnt over 
(luring the past year. 

Halifax county. — A destructive fire occurred in March just 
west of Knfield, which burned over some 4,000 or o,000 acres of 
timbered land. The damage, the correspondent thinks, would 
be at least Sl.oO per acre, all undergrowth less than three inches in 
diameter being killed. Fires in the woods in this county are usu- 
ally traceable to camp-fires, hunters and tramps. No reports were 
received from other sections of this countv. 

Harnett cointy. — Leaf fires, or grass fires, set to better the pas- 
turage, burned over a large part of the wooded area of the county 
h'ing south of Upper Little river. This part of the county has 
been burned over so manv previous times that nearlv all the tim- 
ber on it has been destroyed. There were a few unimportant fires 
in the northern part of the county. 

Henderson county. — One report states that a large part of the 
forest lands, at least one-third, was burned over during the winter 
of 1893-'94, l)etween November and Mav, with a heavv loss of 
timber. The sam(» report states that at least two-thirds of the 
standing timber has been damaged by fires which occur regularly 
each season, and which are purposely started to l)etter the pas- 
Uirage. Some fires, however, are accidental. 

Jackson county. — The outside mountain lands, or wild lands, 

ai'e yearly burned over to supply grazing. At least a third of the 

«*i"t3a of these lands was estimated to have been burned during the 

Post year. Great damage is done to the poplar and chestnut tim- 

t^e^r: indeed it is difficult to find in these wild lands a tree of these 

'^ Jxids that is not defective at the base from this cause. 
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Johnston tolnty, like the other counlies in whieli the loug-leaf 
pine predominates, yearly has a large part of its area burned over 
for the pasturage. Besides all the young pines being destroyed the 
damage to timber last year was estimated to amount to live per 
cent, of the value of the timber on the area burned over, and this 
was verv little in excess of the usual annual loss. 

JoNKs corxTV. — Only a few local fires were reported from this 

countv. 

«/ 

Macon corNTY, like so many of the other mountain counties, 
yearly has a large part of the **wild lands" burned over. And 
although the fires are chiefly leaf-fires they have caused great 
damage to the timber. Between 1(),()0() and 20,000 acres were 
estimated to have been burned over during the past year. The 
loss from the fencing destroyed was placed at more than $2,000. 

AIadison county. — Although there were several fires at various 
places in the county there was only a single destructive one reported, 
which burned over about fifty acres. Burning the woods is prac- 
ticed in many sections of the county to keep the w^oods open and 
better the grazing. 

MiTiiiEiJ, coiNTY. — Thousands of acres, mostly on southern 
slopes, were reported as burned over during the past year in this 
county. One correspondent says that although the damage to 
standing timber from a single fire appears to be small the continual 
burning, year after year, results in serious damage, killing much 
of the timber and seriously injuring the re.st, so that its value has 
been lessened one-half by the n)ere rej)etition of the leaf-fires. On 
many south mountain slo|)es many of the larger trees have been 
destroyed and only a brushy growth occupies their place. The 
practice of burning the woods for im|>roving pasturage is a com- 
mon one in parts of this county. 

Many of the statements made about the practice of firing and 
the resultant damage to the woodland of Mitchell county will appl^ 
as well to parts of the adjoining counties of Yancey and AVataugt^ 

MoNf(;()MKKV coL'NTV. — Hesidcs the usual spring fires set fcr~ 
bettering pasturage a few destructive fires were reported to ha^ 
oecurr(Ml in tli<^ wake of the lumbermen in the eastern and soutliei 
parts of the county. 
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MooRK COUNTY. — The forests of this county have been devastated 
in the past few years by several largo and destructive fires. One 
in 1892 consumed a large amount of timber in tlie southern part 
of the county and wiped the village of West End out of existence. 
Another in 1893 destroyed long-leaf pine timber to the value of 
$50,000. Fortunately, how^ever, there were no destructive fires 
during the past year, although a large portion of the county wns 
burned over for pasturage, or to protect property against an unex- 
pected fire in a dry season. 

New Hanover county. — There were between 3,000 and 4,000 
acres in this county, covered with young pine trees, burned over. 
Many of the young trees were killed ; otherwise the damage was 
not great. Fires have greatly decreased in this county since the 
adoption of the stock law. 

Northampton county. — Only a few local fires were reported from 
this countv. 

Onslow county w'as visited bv several destructive forest fires. 
One correspondent mentions five large fires which occurred on the 
west side of New river in the turpentine woods. These burned 
over 1,000 acres, with a loss of over $6,000, mostly of pine timber 
and young growth. Another person writing from the southern 
j)art of the county says that one fire in the neighborhood of Brown 
sound burned over about 8,000 acres, with a loss of $5,000. This 
fire originated from lightning. Another fire was mentioned near 
the Duplin county line which burned 300 acres. Burning is com- 
monly practiced in this county for improving pastunige. 

Perqiimans county. — Six fires occurred in April and May in 
Parkville and New Hope townships, burning over a large area. 
While the damage to standing timber was not large a great injury 
was infiicted on Ihe underwood, which was all killed. These fires 
Were purposely started, and are thought to improve the forests and 
drive out foxes and other wihl animals. The practice of burning 
is here frequent. 

RicH.MOND COUNTY. — There were G,000 to 7,000 acres of timbered 

land burned over in this countv, the burned areas Ivin*:: lor the 

' niost part in the southern and eastern portions of the county. The 

'^lost extensive one was in Marks (-reek township. This burned 
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ovcM" 1,000 acroH of recently lurn bored pine lands, killing all the 
young pines and a great deal of scrub oak timber. The wire-grass 
in the pine-barrens is tired every spring to better the grazing and 
to kill out the young growth. 

Ror.EsoN coi^NTY secuis to have suffered less than usual from fires 
<luring 1894. There were a great many small grass-fires which 
destroyed the undergrowth. In that portion of the county where 
the stock hiw is in operation there were very few fires. 

Sampson corxTY. — A corresjiondent from this county, which lies 
in the long- leaf pine region, estimated that there were 100,000 acres 
of timbered land burned over, with a loss of $50,000. The loss was 
mostly in young growth, to a less extent in timber. Burning is 
practice<l for pasturage; but some fires are accidental. Most of the 
young pine growth in the forests, especially in the southern part 
of the county, is kept killed down. Another correspondent in the 
south-western part of the county states that there were no serious 
forest fires in his section during the past year, though there were^ 
manv smaller ones. 

ft' 

Wakk cointv. — There is a considerable part of this countv 
burned over every fall and spring, damaging a great deal of younj 
growth. The same applies also to the adjoining counties of Xas 
and Chatham. Most of these lires are purposely started or escape^H 
from brush-fires where new ground is being cleared. 

Wavnk corNTV. — A large j)art of the southern section of thi 
countv, where it is verv sandv and grassv, was burned over in thcr::^ ^ 
spring of 1894 for i)asturage. Fires have killed all of the youn 
hmg-leaf pines in this part of the county and only scrub oaks hav 
taken their place. 

Rkm AiNiN(i couNTiKs. — No re{)orts, or none that were satisfactory -'' 
were obtained from Tyrrell, Washington, Dare, Hyde, Duplin, audE:^^^^ 
Carteret counties, lying in the eastern section of the State. Thes^-^^ 
counties, however, liav(^ a large j)roportion of their areas under '^^^ 
swamp. 

No re|>()rts were reciMved from Wilkes, Stokes, Polk and Ruther^^ "^^ 
ford counties ; but it is safe to say that a large part of the woodlanc^ ^^' 
in them was burned ovim'. as was the case with the other piedmon ^-^^ 
counties of Hnrkc and Caldwell. 




<; 
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No attempt was made to secure any specific information from 
the counties in the middle portion of the State, as these have hard- 
woods for a large part of tlieir timbere. are thickly settled and the 
woodland is not so much injured by fires as elsewhere in the State, 
nor is the practice of burning so frequently resorted to in order to 
stimulate a scanty pasturage. There is still room, however, for a 
large reform. 

a(;gregate value of the property destroyed by 

forest fires. 

Tlie difficulty of getting any reliable figures concerning forest 
tires is well shown in the incomplete reports from the several coun- 
ties enumerated above. The nature of the subject explains the 
difficulty of obtaining full statistics. The large number of the 
fires — most of them being leaf-fires, which are of so frequent and 
general occurrence as to fix neither locality nor extent definitely 
iu the memorv of even those who saw them — and the inabilitv of 
the most widely informed persons to estimate and report accurately 
t>evond a local district, render the accumulation of exhaustive evi- 
rleuce upon the extent and destruction of these fires well-nigh 
i m possible. 

The damage as stated by the correspondents from the several 
reporting counties must have aggregated over $400,000, and there 
must have been between 800,000 and 1,200,000 acres burned over 
during the year. The damage attributed to Sampson county may 
be in excess of the actunl losses sustaintnl ; but that from the other 
ciounties is in all cases probably underestimated, usually a third or 
li. half smaller than in reality. Moreover, it is difticult to fix any 
standard bv which losses can be ascertained ; for onlv mature trees 
<»f certain merchantable species are considered in making the esti- 
mates, while the destruction of kinds with no commercial valua- 
tion as yet, and young growth, is counted as nothing. The coun- 
ties reporting, too, embraced only about one-half of the area of the 
^tate, and the writer from his own observation of the damage 
^Tought in previous years in these non-reporting counties would 
estimate the damage of them at over one-half of what it is in the 
^her counties, or over $200,000. The entire loss in 1SJI4 caused 
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by forest tires in the State was certainly not less than $()0(),000; and 
from 1, .")()(), 000 to 2,000,000 acres of forest and waste lands were 
burned over. Only on a comparatively small part of this land, 
however, did the fires amount to more than leaf, or brush, or grass- 
lires; but, as has been shown alreadv these result ultimatelv in 
the total destruction of the forest. 

THK RELATIVE PREVALENCE OF FIRES IN DIFFERENT REGIONS. 

The most numerous and severe fires in this State occur in the 
south-eastern counties in what is known as the long-leaf pine belt, 
or pine-barrens. High and thick grasses cover the ground ami 
when dry in winter and spring form a fuel which carries fire before 
a wind at an alarmingly rapid rate. New Hanover county and parts 
of Robeson and Pender, where the stock laws are in force, have 
comparatively few forest fires. In the north-eastern counties therc?^ 
are neither so many fires nor is the damage resulting so great as i 
is farther south. Almost one-fourth of the definitely reported fire: 
occurred in the south-eastern counties. So difficult is it to extinguisl ^ 
these wire-grass fires when once well under way that they have beei — ^ 
known to burn from Hamlet to Favetteville, a distance of fortv 
miles. 

Next in order, as far as number and extent of area burned, com( 
the south-western mountain counties. The soil here is in man^ 
places in a condition in which it holds but little water, so the drv 
leaves burn well, and, wherever there are anv Indians, the woodsy 
are regularly burned; but the Indians are by no means the onlw 
oll'enders. The mountainous parts of tlie piedmont counties suffe: ^^ 
a great deal also, the ridges being steep, and much pine mixef -^^ 
with the hardw()o<ls, so that a fire once started in a drv seasoi— ^•^ 
burns brisklv. The woods of tlie other counties w^st of the Blu«^ ^ 
Kidge are iVe<[uenlly Inirned when tlie seas(m is dry enough; bu--^'^^ 
the conditions in tliese are not as conducive to fires as in the south^^^^* 
western counties. Tlie lii*es in tin* piedmont and mountain couit^ -*^" 
ties arc Icnif or hrush-lires. rarely damaging directly anything excepcT^?^ 
the bases of llic trees. 

The midland counties enjoy a comparative exemption, no ver^ "*-*} 
large tires being r(^[K>rted from this section. The people an*' -^^' 
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bcgiimiug to realize their damage and prevent them and make 
every effort towards extinguishing them when once started. They 
rarely pass beyond brush or leaf-fires. 

The fires in the eastern part of the State not infrequently pass 
from the grass to the pine trees which have been boxed and either 
ruin the face of the turpentine box or burn the boxes out so that 
the first storm will blow the trees down. After the face of a box 
has been burned only a low grade of rosin can be obtained from 
it, since the cinder darkens the resin. 

THK ORIGINS OF FOREST FIRKS. 

By far the greater number of the fires, at least two-thirds of 

them, seem to be of intentional origin. And at least two-thirds of 

those purposely set are to secure or improve the pasturage. In 

the eastern part of the State these spring fires burn off the tough 

and thick old growth of wire-grass and broom-straw and the cattle 

can very early in the si)ring for several weeks get a fairly good 

pasturage. The grass, however, soon becomes too hard to be eaten. 

In the mountains fires are set to get rid of the leaves, so that the 

young gra.ss can be easily reached in the spring; to burn off the 

stiff weeds, etc., and, what is much more important to the grazer, 

keep the young tree growth killed down. Keeping the young tree 

growth killed down exercises a twofold infiuence; it keeps the 

Woods open so that grasses and herbage can grow, for these will 

not grow where it is too shady; and it keeps all pines and other 

^^onifers killed down, as these do not so readily sprout from the stump; 

while keeping them killed keeps the hardwoods, which cattle eat, of 

low growth, or always sprouting from the roots, so that they afford 

young and tender shoots within easy reach of cattle. It must be 

*^orne in mind, however, that these fires also destroy much of the 

S^^ass and other annual and perennial herbs and shrubs, by destroy- 

^^g both the seeds and the plants themselves, in the forests and 

^^>out the margins; and that in this way in the long run the pas- 

^^iX'age in the forests is injured rather than improved by these 

''^peated burnings. 

iBurning to protect houses, etc., is said to be a frequent cause 
^or firing in the south-eastern counties?. These are fires set on 
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still days to get rid of the iuHaminable material, so that there will 
be no danger to farms and crops and houses from a chance fire in 
windy weather. A few fires were reported as set to enable hogs 
to find mast; and some bv chestnut hunters; some from malice. 
In the turpentine orchards they are intentionally set to keep the 
growth down and get rid of the inflamable grass before the boxes 
are cut, or the sap begins to rise in the trees. Some were said to 
be set to get rid of insects, pine borers, etc., which is certainly 
using a very dangerous remedy for an insignificant evil. 

Still other fires were reported as being started to drive game 
from cover. Most of the fires in the eastern and many in the 
western part of the SUite are started by indigent pei*sons w4io are 
amenable to no law, who regard all property as open to destruction 
and forests as communal property; persons whose parents were 
hunters and who themselves are scarcelv vet seriouslv affected bv 

ft/ c ft* •• 

the civilization which defines property and allows to the individual 
its possession. The few fires that were reported as being of acci- 
dental origin were from hunters at night, campers, locomotives, 
lightning, and many from burning brush or logs in clearing land. 

THE FOREST FIRE L.VWS. 

The general law in North (-arolina relative to forest firt's has 
remained on the statute books practically unchanged, and largely 
a dead letter, since it was enacted in 1777; and during this nearly 
a century and a (juarter that has j)assed since that time, fire has 
destroved more timber in the State than the lumberman has cut. 
The law is as follows: 

*' Xo person shall set lire to any woods, except it be his own prop- 
erty; nor in that case, without first giving notice in writing to all 
persons owning lands adjoining to the woodlands intended to be 
fired, at least two days before the time of firing such woods, aud 
also taking effectual care to extinguish such fire before it shall 
reach any vacant or i)atented lands near to or adjoining the lauds 
so fired."* 

''Every person wilfully offending against the preceding section 
shall, for every such offense, forfeit and pay to any person who will 



^Code, 18S:J, c. 7, s. 52. 
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sue for the same tift}'' dollars, and be liable to any one injured in 
an action, and shall moreover be guilty of a misdemeanor."* 

Besides these laws relating to firing the woods there is the follow- 
ing one in regard to wagons and camps : 

**If any wagoner or other person camping in the open air shall 
leave his camp without totally extinguishing his camp-fire he shall 
be liable to a penalty of ten dollars, to be recovered l)y any person 
suing for the same, and shall furthermore be liable for the full 
amount of damages that anv individual mav sustain bv reason of 
any fire getting out from said camp, to be recovered by action in 
the Superior Court for the county in which said camp may be situ- 
ated, or in which said damage may be done: Provided, that this 
section shall apply only to the counties of Cumberland, Harnett, 
Bladen, Moore, Hertford and Chowan^f- 

The last section was passed in 18()4-'6r), is in operation only in six 
counties, and covers merely the case of accidental fires from camp- 
ers. A statute similar in its provisions but imposing a heavier fine 
was passed in 1885. Its application extends only to thirteen coun- 
ties, embracing most of those in the south-eastern part of the State. 
It is as follows : 

**If any wagoner or other person camping in the open air shall 
leave his camp without totally extinguishing the camp-fire he 
shall be guilty of a misdemeanor, and on conviction fined not ex- 
ceeding fifty dollars or imprisoned not exceeding thirty days, at 
the discretion of court, and also be liable to parties injured: Pro- 
vided, that this statute ai)ply only to the counties of Onslow, Pen- 
der, Edgecombe, Robeson, Wayne, Columbus, Cumberland, New 
Hanover, Bertie, Cabarrus, Harnett, McDowell and l)avie.'':|: 

There is besides the above a special law applying only to Pam- 
lico county which was passed in 1889. This forbids any person from 
firing his woodland or marsh-land between May 1st and December 
31st, unless it be separated by a swamp or stream from the lands 
of other persons. § 
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Tlu'ie is no doubt that section 02 of the Code of 1883, in regard 
to notice of intention to burn being sent to owners of adjoining 
woodhmd, is a dead letter. Over two-thirds of the woodland fires 
in this State are j»urposely set, and their annual number must reach 
at least 'iOO to 700. The writer is unable to learn of a single case 
in which such notice was given by the parties who started the 
fires. Although a large number of the fires annually occurring 
are traced to night hunters and a few to day huntei's, there is no 
statute providing for fires originating either through carelessness 
or design of persons so engaged in hunting. 

VAHIors VIKWS ri»()N THK EXISTIMi FIRK LAWS. 

A (juestion was asked many j)ersons concerning the efficiency of 
the (existing forest-fire law; and for suggestions by which its effi- 
ciency could be improved or its provisions more eft^ectualh' en- 
forced. As all shades of belief and criticism found expression 
some of the more prominent and pertinent answers are given below. 

Over one-half of the answers received indicated that their writers 
were ignorant of the existence of a law concerning forest fires or 
burning brush, etc. The chief idea expressed was that if a person's 
timber is .seriously damaged by a fire started on his land by another 
person a suit can be brought for damages against the offender. 

Such action is brought against railroad companies when fires are 
traceable to locomotives, and the assessed damage is usually paid in 
such cases. 

A prominent correspondent in one of the piedmont counties said : 
''A law to prevent them (fires) would be difficult to enforce from the 
fact that it would be impossible to find out who does the firing.*' 

One in eastern North (Carolina wrote: **The no-fence law would 
prove the most efficacious in regard to those of intentional origin. 
Penalties sliould be enforced on the responsible parties when re- 
sulting from carcl(*.ssness." 

A writer in one of the south-western counties said: "I do not 
think the present law strong enough. Fires can only be prevent^ 
by i>assing strict laws with heavy penalties, and the strict enforce- 
ment of the same by the courts, which has not been done hereto- 
fore in this part of the State. Most of our people would be glad to 
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see the law strictly enforced and a stop put to forest fires, as noth- 
ing is doing this part of the State more harm." 

Another states: " We have plenty of law, but it is difficult to en- 
force it. The people need Jo be educated on the subject. Wherever 
the stock law has been introduced it has been found that the num- 
ber of fires has been much reduced." 

The writer of the following, like many others, appears ignorant 
of the existence of a fire law : **If a fire gets out on another's land 
not only should the party offending have to pay the damages but 
be subject to a suitable penalty for misdemeanor." 

A person in one of the south-eastern counties whose lands, he 
says, have been much damaged by fires thinks it would l)e a good 
idea, in neighborhoods where fires are common, to have a man to 
look after them and see that offenders are reported and punish(Kl. 

INFLUENCE OF LUMBERMEN IN CHECKING FIRES. 

The influence that earnest millmen can exert, if so minded, will 
probably have more effect in their respective localities than the 
enactment of any law, no matter how severe and exactfng may be 
its provisions. If these millmen, who form in reality one of the 
most interested classes, will take the matter in hand and make 
their employ^ understand that the protection of the young growth 
from fires is the assurance of labor for them, and it is the only way 
that the lumber industry can be perpetuated in this State, there will 
be gained a strong position of vantage. These laborers and the 
opinions held by them reach a class which writing of no sort can 
reach or influence; and it is this class which, either ignoring or 
neglecting to consider both the moral and pecuniary aspects of their 
acts, is responsible for far the greater number of the forest fires. If 
once the 15,000 men engaged in handling lumber and timber in 
this State are made to understand the advantage of protecting 
young forest growth and preventing fires, both by not setting them 
and by informing against those who do, public sentiment will come 
to their support, and we will begin to realize that the forests of the 
State may have a future as well as a present. 

Although it is the lumbermen whom the fires — especially in the 
eastern part of the State — are most injuring and who would be 
the most benefited by their suppression, many of them express 
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absolute indifrerence to any ottbrt to mitigate the evil or to show 
the great loss oeeasioned by burning. They even appear to oppose 
any reform, and regard with deeided disfavor any eifbrt towards 
securing it. There are many niillmen, however, who have aided 
in securing valuable <hia, and who express their readiness to 
co-operate in any measure which assures any abatement as to the 
number and extent of the fires. 

HKLATION OF TUK lU'KNKK TO THK FORESTS. 

The tur|)entine workers also regard it as right to burn the grass 
and undergrowth in turpentine orchards, and in spite of the fact 
that the fire is liable to extend to the trees continue thus to fire the 
grass. It is impossible, however, to secure the boxed trees and the 
highly inflammable scrape-covered faces to the boxes as loug as 
the undergrowth is burned; and it is equally as impossible to 
secure a regrowth of long-leaf pine as long as the burning grass 
consumes all seedlings and seed. 

There are in the south-eastern counties clearly two classes who 
are interested in the burning: (1) the timber owner who sees his 
woodland yearly deteriorating in value at the hands of another, 
and who, it seems, can obtain no redress for his loss — cannot 
even secure a suppression of the agency of destruction ; and (2) the 
j)erson who for the immediate benefit he fancies is derived from 
the act innocently or willfully, directly or through gross neglect, 
burns off the lands and destroys the timber or other property 
belonging to another citizen. 

These two elements seem irreconcilable. As a matter of fact, 
liowever, their aims and <lcpendencies are similar. It is apparent 
that the person who does the burning does not realize the relation 
between himself and the woodland. For in many cases, and as a 
general rule in the south-eastern counties of the State, a great part 
of his existence is dependent upon it, and that the more forest 
there is the greater will be his benefit, his cow or the ease with 
which he can work his rented turpentine boxes notwithstanding. 

INFU'ENCK OK THE NO-FHNCK LAW IN CHKCKING FIRES. 

In a few places in eastern North Cai'olina the stock or no-feuc< 
law has been trierl for a number of years; and, though the obje 
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in securing it was solely for the improvement of cattle and to 
lessen the cost of fencing, it has produced, in those localities where 
it has been tried, a decided change in the appearance of the young 
growth in the forest, and aided to lessen the number of fires by 
removing in a large measure the incentive to burning. To show 
the relative importance of protecting the forests to tlie pasturage 
gained by turning stock into the forest and firing the forest on the 
supposition that this improves the pasturage, it will suffice to state 
that the total value of all the cows in Moore county would not pay 
for the timber destroyed in that county alone during the years 
1892 and 1893 by two tires. Harnett, RichmoJid and Bladen 
counties all show a similar state of affairs. 

And not only would the forest fires become less fretjuent if the 
stock or no-fence law be generally introduced, but the provisions 
of the law quoted above in regard to the punishment of persons 
for firing should be rigidly enforced ; and if, as the law now stands, 
it cannot be made operative it should be judiciously amended and 
provision made for its proper enforcement. 

THE MAINE LAW IN RE(iARI) TO FOREST FIRES. 

The State of Maine presents conditions strikingly analogous to 
those in North Carolina. As is well known it is a great lumbering 
State. A people almost entirely dependent on agriculture and 
forest products for their prosperity, and whose manufacturing had 
never assumed importance, they finally recognized the interde- 
pendence of the agricultural and the forestal interests, and to 
secure the estoj)page of fires and the unreasonable waste of timber, 
which goes on where it is abundant, adoi)te(l a series of laws 
relating to the suppression of fires. Their laws empowered a 
commissioner with the right to publish rules and to organize a 
corps of fire wardens and, finally, to bring suit against offenders 
to recover damages for loss sustained. 

This law, being the first of its kind in the United States, is of 
sufficient importance to l)e summarized. The following excerpts 
and condensations are from the law as pul)lished in the first report 
^f the Forest Commission of the State of Maine, 1891, which was 
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obtained through the courtesy of Mr. Charles E. Oak, the present 
land agent of the State. While the provisions of this law are at 
present inapplicable to the conditions in North Carolina, they will 
serve to show what stress another State lays upon the strict enforce- 
ment of the laws relating to forest fires. 

The law provided that the land agent — the State of Maine having 
large areas of forest lands for sale — should be forest commissioner. 
It is his duty to collect statistics about the forest resources and 
products of the State, and to receive the reports of the fire wardens. 
The selectmen of all towns are fire wardens, and so also are desig- 
nated other persons living in various parts of the counties w-here 
fires occur. These latter are appointed by the county commis- 
sioners. It is the dutv of the fire wardens to call out citizens in 
case of a fire to aid them in extinguishing the fire or controlling 
it; and to have the authority of deputy sheriffs to force persons 
to help to extinguish a fire. All persons not answering their sum- 
mons are subject to a fine. The area burned and value of the 
property destroyed must be reported to the commissioner. It is 
the duty of municipal oflScers in towns, and of county commis- 
sioners with respect to other localities in their counties, to proceed 
immediately into a .strict inquiry into the cause and origin of fires 
within woodland, and in all cases where the fires originate from 
unlawful acts to cause the offender to be prosecuted without delay. 
There are provisions concerning the clearing of rights of way by 
railroads, and the use of spark-arresters and other precautions ; 
and provisions about hunters, campers, etc. 

In a private letter the present commissioner states that the law 
is very satisfactory in its workings, and has greatly lessened both 
the number of fires and the losses caused by them. Its provisions, 
he says, are carried out and offenders brought to justice. It has, 
moreover, awakened a new spirit among tlie people — that of pro- 
tecting young forest growth instead of destroying it. 

LAWS rX OTHER STATES. 

The Adirondack lands, belonging to the State of New York, are 
under a svstem of hiws more strict in detail but similar in outline 
to tho.se in force in Maine. The aim of the forestry commission 
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legislatiou in New York is to restrict or supervise cutting of timber 
on State lands and to prevent fires occurring on the Adirondack 
mountains. The people of Pennsylvania, as well as those of 
Vermont, are taking an active interest in the protection of young 
growth and the prevention of its destruction by fires and cattle. 
F'ires in Pennsylvania annually occasion a great loss of timber in 
the mountainous parts of that SUite, and that State now has a forest 
commission whose duty it is to disseminate information concerning 
the proper care and protection of forests, and to show the injurious 
effects of fires in woodland. 
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LETTEE OF TRANSMITTAL. 

To His Excellency^ Hon. D. L. Russell, 
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Sir: — The requests for information concerning waterpower in North 
Carolina received at the Survey office during the past few years have 
been so numerous and urgent that I believe it wise to publish in the 
form of a preliminary report such information as we have in hand rela- 
tive to this subject 
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PREFACE. 



The electric transmission of power developed during the past few 
years has awakened a new interest in waterpower throughout the entire 
country, and especially such powers as, owing to their location in regions 
inaccessible for railroad transportation, were not believed to be of im- 
portance. The publication of this hulletin as a preliminary report was 
decided upon Avith a view to meeting the urgent demands for information 
concerning these powers in North Carolina. In view of the fact that 
not enough of actual and long-continued measurements of the flow of 
the streams have been made to enable us to estimate accurately the value 
of the various powers, is was thought best for the purpose of a pre- 
liminary report to use as a basis for this, part of the 10th Census Report 
by Prof. Geo. F. Swain on the Waterpowers of the Southern Atlantic 
Watershed as relates to North Carolina. 

This we have done, in general adopting the descriptions and power 
estimates found in his report and adding such additional data as were 
obtainable either by personal examination or by correspondence. The 
report in its final shape has been revised by Professor Swain; but he 
has not visited the region since 1881, and during these two decades 
changes in North Carolina, and throughout the South, have been great. 
He has been able to do little more than read the manuscript and sug- 
gest a few additions and corrections. 

During the past three years gauging stations have been maintained 
by the United States Geological Survey and the State Survey cooperat- 
ing, on each of the principal rivers in the state, at which have been 
made daily measurements of the height of the river surfaces; and occa- 
sional measurements of the flow and volume of water have been made 
by means of electric current meters. These measurements have, in gen- 
eral, confirmed Professor Swain's estimates as to the waterpower on the 
several larger streams. In the case of the Tar, Neuse and Cape Fear 
rivers, however, our measurements show his estimates for the absolute 
minimum (p. 54) are too high from 25 per cent, to more than 40 per 
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cent.; but it has been thought best to allow his figures to remain as 
published in his 10th Census Eeport until the river measurements have 
been continued for a longer period of time. 

The most uncertain points in a report of this character concern the 
estimates of the flow and power available on the streams, and it is hoped 
that all those who read tliis report will study with special care the 
remarks relating to this question on pages 49 to 67. Accurate data 
with respect to flow can only be obtained after a long series of obser- 
vations. In Massachusetts, the Merrimac river has been utilized for 
power and its daily flow measured for over 50 years, and yet since the 
date of the original census report in 1881, the estimates of minimum 
flow have had to be materially altered. The readers of this report 
must, therefore, not exact great accuracy in the estimates given in the 
following pages. Indeed, the figures given must be simply considered 
as pointers indicating what may reasonable be expected in the way of 
waterpowcr during dry seasons. 
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CHAPTER I. 

GENEEAL PHYSIOGRAPHIC FEATURES OF NORTH 

CAROLINA.* 

PHYSIOGBAPHIC PROVINCES. 

The southeastern United States may be divided naturally into three 
well-defined provinces: the coastal plain region, which skirts the 
Atlantic and the Gulf from Cape Cod to the Rio Grande, extending 
inland from 100 to 200 miles, and extending seaward beyond the present 
coast line as a submerged plain for a distance nearly as great; the Appa- 
lachian mountain region, extending from northern Alabama to New 
Jersey and the Piedmont plateau region, which lies between these two 
from the Hudson river to central Alabama. 

Only a small portion of the mountain region belongs with the south 

Atlantic watershed, but the entire region demands consideration in a 

study of its rivers and waterpowers. In the Carolinas the Blue Ridge 

mountains, which constitute the eastern front of this Appalachian region 

towards its southern end, form the divide separating the waters that flow 

into the Atlantic from those which find their way through the Ohio and 

Tennessee into the Mississippi, while northward the Alleghanies often 

constitute the divide, so that in Virginia and northward the larger rivers 

rise to the westward of the Blue Ridge, and flow eastward across it in 

deep gorges, while in North Carolina and southward the more important 

streams are those which rise either along the crest and southeastern 

slopes of the Blue Ridge or among the hills of the Piedmont plateau, 

and flowing across this latter and the coastal plain region, find their 

way into the Atlantic. The outlines of the physiographic regions and 

the general drainage systems in North Carolina are indicated on the 

accompanying map (fig. 1) to be found on^the next page. 

THE COASTAL PLAIN REGION. 

The coastal plain region has been built up of unconsolidated sands, 
^vels, loams, clays and marls of recent geologic age, which inland 

• Bj' J. A. Holmes. 



THE COASTAL PLAIN EEGION. 21 

rest against the red lands and on the eastern sloping rocky surface of 
the hill country — the eastern margin of the Piedmont plateau. This 
contact between the two regions is one of the most clearly defined of 
natural boimdaries, and is known geographically and industrially as 
the " fall line," along which are located, at the head of navigation on 
the more important streams, a number of important cities and towns, 
such as Washington, Kichmond, Petersburg, Weldon, Columbia, Au- 
gusta and others given in the table below. The canals and other works 
constructed long ago for improving navigation at some of these places 
are now being used to develop waterpowers, and the cities are fast 
becoming manufacturing centers. 

In New Jersey, Maryland and Virginia many of the streams of the 
Piedmont plateau cross its eastern margin at the fall line in deep, rocky 
gorges, and the rushing river torrents merge immediately below into 
tidal estuaries. Further south, however, the elevation of the fall line 
increases until on the Ocmulgee river at Macon, Ga., it is 250 feet 
above the sea. The following table shows the relative elevation of this 
boundary line at different points where it is crossed by the larger rivers: 

Elevation 
Rivers. Places. above 

mean tide. 

Feet. 

James Richmond, Va 0.0^ 

Appomattox — Petersburg. Va 0.0^ 

Roanoke Weldon, N. C 26.0 

Tar Rocky Mount, N. C 59.6 

Neuse Smithfleld, N. C 100.0 

Gape Pear Averasboro, N. C* 35.0 

Pee Dee C. C R. R. crossing 106.0 

Wateree Ten miles above Camden, S. C 125.0 

Congaree Columbia, 8. C 129.0 

Savannah Augusta, Ga 126.0 

Ogeechee Shoals of Ogeeohee, SH miles below Mayfleld, 6a 210.0 

Oconee Milledgeville, Ga 220.0 

Ocmulgee Macon, Ga 250.0 

On the seaward side of this fall line, or fall-line zone as it might be 
more properly designated, we have the sluggish, navigable rivers which 
make their way southeasterly across the coastal plain region in valleys 
which, near the fall line, are usually narrow, from 60 to 100 feet 
deep, and with rather steeply-sloping sides, which at intervals form ver- 
tical bluffs on alternate sides of the streams. Usually the southwest 
side is the steeper, and the bluffs are more generally on this side. 
Further seaward the valleys become wider and less deep. 

'This table is only an approximation. It was not possible to get accurate elevations on 
account of the difference in the datum-planes used by the various railroad companies. For 
instance, Richmond and Petersburg are at the head of tide water; yet the rivers there are 
probably several feet above mean tide at Norfolk. In some cases the above figures have been 
obtained by estimating the amount of fall above points whose elevations were given. 

* Just below Smileys falls. 
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The river courses in this eastern region are often exceedingly tor- 
tuous. The banks are composed of sands and clays which, along the 
upper reaches of the streams, are often found to be of cretaceous or 
Potomac age, while further seaward these older deposits are buried 
beneath the tertiary sands and marls, and usually all of these are over- 
laid by the still more recent sands and loams of the Lafayette and 
Columbia formations. This unstable character of the banks is unfav- 
orable to navigation, inasmuch as the rivers frequently undermine trees, 
depositing both the tree and materials of the bank in the channels, 
and even cut new channels for themselves where conditions are fav- 
orable. 

The country between the streams near the fall line has a surface that 
is quite undulating, rising in the sand-hill regions between the Cape 
Fear and the Savannah to an elevation of 500 feet, while further sea- 
ward the surface becomes more nearly level, with an elevation of from 
10 to 60 feet above mean tide. Along the seaward margin the land 
surface is intersected by and interspersed with bays, estuaries and 
sounds, and even the land surface contains numerous and large swamp 
areas, such as the great Dismal Swamp in Virginia, and occasional 
small lakes, often partially or wholly surrounded by such swamps. The 
general seaward slope of the land surface from the fall line ranges 
from one to three feet to the mile. The forests, which still cover more 
than 60 per cent, of the total area of the region, are composed mainly 
of pines on the uplands and deciduous trees in the swamp areas. 

Considering the coastal plain region as a whole, its surface features 
may be described as those of a region but recently and but slightly 
elevated above the sea, and a large part of whose surface is so nearly 
level and so unaffected by erosion that it is poorly drained. This con- 
dition, which results in the existence of numerous and large swamp 
areas, and the porous nature of the soil in the more sandy portions 
which enables it to act as a sponge in absorbing and holding rain water, 
gives remarkable uniformity to the flow of the streams which have their 
sources in this region. Along its western border, however, where we 
find the typical sand-hill country, the hills and ridges are more numer- 
ous and irregular, rising to elevations of from 300 to 500 feet, while 
the valleys and ravines are carv^ed more deeply, and in places have 
made their way back into the heart of the region. In explanation of 
the topographic features of this sand-hill country it may be suggested 
that the region is not only more elevated, but has been either much 
longer above the sea than the country to the cast, or if recently sub- 
merged, the period of submergence was so brief that the pre-existing 
topographic features were not obliterated thereby. It is in this sand- 
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hill country that we find such industrially important though small 
streams as Eockfish and Hitchcocks creeks (see pages 138 and 190). 

In North Carolina the coastal plain region extends inland from the 
coast 120 to 160 miles, and has an area of approximately 25,000 square 
miles of which more than half is still covered with pine forests. The 
upland soils are loamy sands, loams, and sandy and common loams, rarely 
stifi^, moderately fine and even-grained. To the north of the Neuse river 
loams and sandy loams are the more frequent upland soils; to the south 
of this river they are more generally sandy. In the more eastern portion 
of this region, adjacent to the sounds and to the Atlantic, are numerous 
and extensive swamps which have their origin in the insufficient sur- 
face drainage of recent uplifted areas, that are often underlaid by 
impermeable strata, or in the gradual cutting off and filling up by silt 
and vegetable matter, of small bodies of water. Their soils vary con- 
siderably even in different portions of each swamp, being in their interior 
generally peaty and about the margins either sands and sandy loams, or 
clay loams and silt. Where these swamps border the larger streams 
that have their headwaters in the Piedmont region, their soils are gen- 
erally an admixture of silt and vegetable matter and quite fertile. 

THE PIEDMONT PLATEAtJ BEGION. 

The Piedmont plateau region, lying between the coastal plain and the 
mountains, and extending from Alabama to New Jersey, exhibits a 
diversity of characteristics, though there are many features common to 
the entire region. Along portions of its eastern margin, near the fall 
line, its hills are no higher and its valleys no deeper than those of the 
adjacent coastal plain region. Especially is this true where, as in the 
southern, half of Xorth Carolina, the Piedmont plateau region includes 
on the east a narrow belt of red sandstone which in places has been 
removed even more rapidly by the atmospheric agencies than have the 
sand-hills on the east side of the fall line. But generally the hard 
crystalline rocks and reddish soil of the Piedmont plateau are to be 
found at the fall line, and exhibit there the undulating surface char- 
acteristics of the typical red-hill country, the elevation of the surface 
near the coastal margin ranging from 300 to 600 feet. The eastern 
half of the region, taken as a whole, has an average elevation of nearly 
750 feet, while the western half averages nearly 1200 feet. 

Towards the western margin of this region the hills rise higher and 
higher above the general plain until in many cases they may be fairly 
considered as mountains, South and Brushy mountains in North Caro- 
lina having elevations between 2000 and 3000 feet. Toward the 
eastern margin the hills rise but little above the general plain, but the 
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river channels are deep. It will be readily understood that as com- 
pared with the young and undeveloped topography of the coastal plain 
region, that of the Piedmont plateau is much older, more varied, and its 
history more complex. More than once in its recent history its surface 
has been so extensively removed by weathering and eroding agencies 
that it has been reduced, at least approximately, to a base-level plain, 
at no great elevation above the sea, and with only a few scattering hills 
and ridges rising above this plain, remnants which, owing to the obdu- 
racy of their component materials, have withstood the destructive agen- 
cies of the atmosphere even to the present time. Meanwhile, however, 
the surface has been lifted to higher levels above the sea, the streams 
have quickened their pace, carrying on anew the work of erosion until ^ 
now we have left of this recent base-level plain only a secondary series of 
low hills and broad irregular ridges to indicate its position. 

The soils, which in the main have been formed from the decay of 
rocks in place, are generally loams which are more gravelly and sandy 
and deeper in the granitic areas, and more clayey and shallow in the 
slaty belts. The forests, which are composed mainly of -deciduous hard 
woods, here and there interspersed with short-leaf pines, occupy from 50 
to 70 per cent, of the total area of the region. 

In North Carolina this Piedmont plateau region approximates 125 
miles in width and 900 feet in average elevation. Its highest ridges 
(South mountains) reach a height of 3000 feet above tide; but along its 
extreme east border its elevation does not average more than 400 to 500 
feet. Its area approximates 21,000 square miles, of which more than 
one-half is covered with forests. The average southeasterly slope of the 
surface of this region is approximately three and one-half feet to the 
mile; but the possibility of developing waterpower on the several streams 
depends less upon this average slope than upon the concentration of 
portions of the fall at certain places, where for distances of a few rods, 
or at most a few miles, the streams assume the character of rapids, shoals 
or cascades. The descent of the surface of the various important 
streams of the region will be given in the body of this report as each 
stream is described. As may be seen from the sketch map on page 78, 
the several geological formations that go to make up the Piedmont 
plateau region cross the state obliquely, parallel to the mountains and to 
the seashore. In the main they form a succession of belts of slates and 
schists, granites and gneisses, across the steeply upturned and eroded 
edges of which the streams have carved their channels in making their 
way seaward. The fact that these rocks differ in character and are 
eroded with varying rapidity by the water currents, gives rise to the 
conditions that produce rapids, cascades and falls, and in this way makes 
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practicable the development of waterpowers, as is described more fully 
on pages 68 to 76. 

THE A1>PALACHIAN MOUNTAIN BJSaiON. 

The Appalachian mountain region, which extends from Alabama to 
Xew York, may be said to culminate in North Carolina, since it reaches 
here its maximum development. Along portions of its western slopes 
the boundary line of the region is obscure, the highly folded and 
uplifted strata of the mountains becoming only less corrugated in the 
hills and ridges of the adjacent plateau on the west; but other portions 
of this western, like the eastern, boundary are so well marked as to 
constitute not a gradual transition but an abrupt change from plateau 
to mountain conditions. The rugged mountain range on the eastern 
border is broken only by such occasional water gaps as those through 
which flow the Susquehanna, the Potomac, the James, and a few smaller 
southern streams. 

In Xorth Carolina this region embraces an irregular mountainous 
tableland, lying between the steep and well-defined escarpment of the 
Blue Eidge on the southeast, and the less regular, but in places equally 
prominent northwestern slope of the Great Smoky mountains. Numer- 
ous cross ridges, separated by narrow valleys and river gorges, connect 
these two moimtain ranges. The region, taken as a whole, has a general 
average elevation of about 2700 feet above sea-level; but there are 
many mountain peaks that rise about 6000 feet, and a considerable 
number that are over 6000 feet high. Mt. Mitchell, the highest of 
the Black mountains, has an elevation of 6711 feet. The total area of 
the region approximates 6000 square miles. The mountain slopes, 
though usually steep, are forest-covered and have a deep fertile soil, 
usually a loam of varying physical character, but generally rich in 
humus, porous and easily cultivated. The Blue Ridge is in this state 
the great divide between the Atlantic and the Gulf waters. The 
streams which have their sources on the northwest slope of these moun- 
tains for the most part flow in a northwesterly direction into the tribu- 
taries of the Tennessee, having cut their way across the upturned edges 
of the folded strata that make the Great Smokies and their northeast 
extension, the Iron and Stone mountains; while further north the 
waters of the region flow in a northerly direction between the mountain 
ranges, and make their way into the Ohio. The character of the streams 
of this region and their basins are discussed more in detail in Part HI 
of this report (page 233), and the geological conditions favorable to the 
development of waterpowers are described briefly in the following 
pages (68 to 76). 



CHAPTER II. 
CLIMATIC CONDITIONS AFFECTING WATERPOWER/ 

GENERAL GIJMATIC CONDITIONS. 

In considering the climate of any district with reference to its im- 
portant influence on waterpower, the various elements which modify 
or control the amount of precipitation should receive the largest share 
of attention. Pressure, temperature, movements of the wind, and 
the like, may be discussed briefly for the purpose of a satisfactory gen- 
eral view of the subject, but these elements have a somewhat variable 
and complicated influence on rainfall, which is less clearly understood 
than the permanent effects of geographical position or topographical 
features. The climate of North Carolina is determined by its location 
in the warm temperate zone, byt is modified by three important factors: 
the proximity of the ocean on the east, the distance of the state from 
the prevailing course of cyclonic storms, and lastly, the gradual eleva- 
tion of the land towards the west, until in the s.ummit of Mt. Mitchell 
the highest altitude east of the Rocky mountains is attained. 

The statistical material employed in the tables has been obtained 
from the publications of the United States Weather Bureau and of the 
North Carolina Section (formerly the State Weather Service), and 
includes data collected to the end of the vear 1897. For convenience 
of treatment the state has been divided into three districts, which corre- 
spond roughly with the geological subdivisions — the coastal plain, the 
Piedmont plateau and the mountain regions. The eastern district 
(corresponding to the first of these in a general way) includes meteor- 
ological stations having elevations of less than 100 feet, the central 
district elevations between 100 and 1000 feet, and the westefn district 
all points over 1000 feet above sea-level. Each division has in some 
respects climatic features peculiarly its own. 

In the eastern district, which includes that portion of the state bor- 
doiing on the Atlantic, the influence of the proximity of the ocean, the 
indentation of the land by large bays and sounds, and the projection of 
the coast line beyond the normal trend, is immediately evident in the 
increased rainfall on the coast, especially between Hatteras and Cape 
Lookout, as well as in the lessened changes of temperature, both diurnal 

' My C. F. Voii HtTrni inn, Si'c-iion Diroctor. V. S. Weather lUireau. 
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and seasonal. It has been the fashion to ascribe the almost insular or 
marine climate of this section to the influence of the Gulf Stream^ but 
the facts that a considerable body of cooler water lies between the Gulf 
Stream and the coast, and that east and southeast winds are the rarest 
of all winds in North Carolina, and are inadequate to explain the 
warmer, moist climate of this region, appear to indicate that the Gulf 
Stream exerts less influence in this direction than was formerly sup- 
posed. The annual mean temperature varies in the east from 64° 
Fahr. at Southport to 69^Fahr. at Weldon, and permits in the southern 
portion of the district the growth of vegetation of semi-tropical origin, 
and the cultivation of rice, early fruits and vegetables. 

In the central district the extremes of temperature become greater, 
the rainfall is less; the southern portion shows a high degree of sum- 
mer heat, due in part to the sandy nature of the soil. Central North 
Carolina is, however, by no means as warm as central South Carolina, 
and the northern portion of this district is not greatly different from 
central Virginia. The annual mean temperature varies from 62° Fahr. 
at Rockingham to 57° Fahr. at Saxon. It is often the case that this 
section receives more snow in winter than other portions of the state. 

In the western district the influence of elevation is supreme. The 
siunmers are cooler, the winters more severe, the air drier and more 
salubrious. The trend of the mountains from southwest to northeast 
influences the prevailing winds. The great diversity in topographical 
features gives rise to many interesting climatic peculiarities. The rain- 
fall is large, especially so at the south end of the Appalachian system, 
while, on the other hand, many central valleys possess as small a rain- 
fall and as mild a climate as many points east of the Blue Ridge. It 
is well to remember that several meteorological stations in the west have 
elevations of nearly 4000 feet. The annual mean temperature varies 
from nearly 60° Fahr. at Salisbury and Charlotte east of the moun- 
tains, to 49° Fahr. at Linville, which is nearly the mean annual tem- 
perature of Boston or Chicago. 

The position of ^orth Carolina with reference to the general path of 
low barometric areas is a fortunate one. Probablv not more than 20 
per cent, of the storms observed in the United States cross the state. 
The great highway for these storms is the Lake Region, and a very 
large majority of them pass off the United States coast over New. Eng- 
land. While not causing heavier rainfall in the noHh, they do make 
the weather extremely severe and changeable, and give that section a 
high percentage of cloudiness and a high relative humidity; while in 
IN^orth Carolina longer periods of settled weather are experienced, fogs, 
though frequent enough, rarely last during the day, and cheerful, sunny 
weather is the rule. 
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The state lies in the course of sub-tropical storms from Florida which 
are often violent, and are accompanied by heavy precipitation, but 
usually pass over the state with great rapidity. They occur chiefly 
from August to October. 

The prevailing winds are from the southwest, or in fall and winter, 
frequently from the northeast; the movement is generally light and 
variable in the interior, but often dangerous on the coast during the 
passage of sub-tropical storms, giving to Hatteras its world-wide repu- 
tation. In winter the winds from the south, east and northeast are 
wet winds; the shift to southwest is usually followed by rapidly clearing 
weather; in summer, wind directions and movements are very irregular. 
In general, the resultant annual movement is from the west. 

The average cloudiness of the state is between 40 and 50 per cent., 
with a somewhat larger average on the eastern slope of the Blue Ridge. 

The annual relative humidity is about 80 per cent, on the coast from 
Hatteras to Wilmington, is 75 per cent, in the central-east portion of 
the state, and in the west generally about 70 per cent. As evaporation 
increases with higher temperature, the maximum humidity occurs in 
July or August. 

TEMPEUATUBE. 

It. is evident from its physical features alone that a wide variation 
must exist in the mean temperature of the different sections of North 
Carolina. In Table I (p. 30) is presented the annual and seasonal 
mean temperature at a large number of stations in the state, of which 
28 have records covering a period of 10 years or more. From all data 
the normal annual mean for the state has been found to be 59° Fahr. 
The seasonal temperatures for the different districts are as follows: 

Sprinj?. Summer. Autumn. Winter. 

Eastern District 59° 77° 62° 45° 

Central District 59° 77° 60° 42° 

Western District 56° 73° 57° 40° 

For the state 58° 76° 60° 42° 

The annual mean for the state has varied during the past 26 years 
between 61° Fahr. in 1890 and 57° Fahr. in 1895. From the data 
given it is seen that autumn is warmer than spring in nearly all parts 
of the state. January is the coldest month of the year, with no normal, 
however, lower than 31° Fahr., while July is the warmest, with no 
normal higher than 81° Fahr. During exceptionally warm summers 
July means as high as 84° Fahr. have occurred (Wilmington, Newbem, 
Weldon). The lowest Januarv- mean on record is 24° Fahr. at High- 
lands in 1893. 
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During the past ten years the state has probably experienced as wide 
a range in actual temperatures as is likely to be again observed. 
Eemarkably warm weather occurred during the summers of 1887 and 
1896, with extremes as high as 107° Fahr., while the often-quoted cold 
winters of 1834 and 1856 must now certainly yield their places in cli- 
matic history to those of 1893 and 1895. 

Ordinarily the rivers of North Carolina remain open throughout the 
year, but during such winters as occurred in 1857, 1886, 1893 and 1895 
all the rivers, and even the northern sounds, were frozen over. In 1893, 
for instance, the Cape Fear river at Fayetteville, the Neuse at Newborn, 
the Roanoke at Weldon, and Albemarle sound from Elizabeth City to 
Roanoke Island were covered with ice. 

The extremes presented in Table II (p. 33) will be of interest in this 
connection. 

If the distribution of temperature be studied graphically it is found 
that the isotherms do not follow the lines of latitude, but cross them 
in a southwest-northeast direction almost parallel with the Blue Ridge; 
but in suDMner there is a decided northward trend of the isotherms from 
the coast to the central portion of the state before they curve around 
the southern end of the Appalachian system. 
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PBEOIFITATION. 

In the introduction to a paper on the rainfall of the United States 
(Bulletin D, issued by the Department of Agriculture, Weather Bureau) 
Mr. A. J. Henry states clearly the generally accepted theory of rainfall 
and the manner in which the operations are brought about in nature, 
as modified by various causes, all of which are admirably illustrated 
within the limits of IS'orth Carolina. Briefly, then, rain is caused by 
a sudden cooling of the air below the dew-point, resulting in the con- 
densation of the moisture contained in it to the liquid state, and its final 
precipitation to the earth's surface. Mr. Henry names the following as 
the chief ways in which the ascensional movements of the air are pro- 
duced: 1, the air may be forced up the side of a mountain into a region 
of diminished pressure and lower temperature; 2, the lower layers of the 
atmosphere under the influence of solar radiation frequently reach a 
state of unstable equilibrium inducing ascensional currents — summer 
thunderstorms are generally a result of this process; 3, lastly, the circ\i- 
lation of air in cyclonic storms, that is, a radial inflow from all sides 
and an ascensional movement from the center. 

North Carolina belongs to that region of the United States east of 
the Eockies characterized by the largest precipitation, the center of 
which lies on the Gulf coast about the mouth of the Mississippi; there 
are, however, localities on the southeastern slope of the Blue Ridgo 
which receive an annual rainfall not exceeded anywhere except on the 
coast of Washington and Oregon. The average rainfall for the state 
given by Prof. Kerr, 53 inches, is very nearly correct. The inclusirm 
of the period 1892 to 1897, years noted for considerable deficiencies in 
precipitation, has reduced the normals at many points, and the annual 
total is now about 52 inches. 

The averages for the three sections of the state are: 

Eastern District . 54 inches. 

Central District 48 inches. 

Western District 53 inches. 

Considering the monthly averages, it is observed that the maximum 
rainfall occurs in July and August, with the chief minimum in October 
or Xovember. The August average is 134, the October average 77 
per cent, of the monthly normal. An abundance of waterpower in the 
rivers of the state is indicated by the copious rainfall and its fairly uni- 
form distribution throughout the year. 

In Table III (p. r>6) is presented the average monthly, annual and 
seasonal precipitation at stations in Xorth Carolina. It is to be ob- 
served that rainfall is a climatic factor subjected to far greater variation* 
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than temperature, and that a correspondingly longer series of years of 
observation is required to obtain correct normals. Strictly speakings 
there is not a station in North Carolina with a series of rainfall obser- 
vations long enough to afford a true normal. Mr. A. J. Henry 
has shown that at least 35 or 40 years of continuous observation are 
required to obtain a result that will not vary more than plus or minus 
5 per cent, from the true normal. However, records for the past 15 
to 25 years include very rainy and very dry years, and may certainly 
be considered as near the truth. The accompanying charts (figs. 2-6 
inclusive) also show graphically the seasonal and annual precipitation 
in the state (see pp. 43-47). 

The distribution of precipitation throughout the state may now be 
considered in greater detail. The point which attracts attention imme- 
diately is the belt of minimum precipitation through the central portion. 
The greater rainfall of the eastern division is produced by the prox- 
imity of the ocean, the larger amount in the west by the effect of eleva- 
tion. 
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PRECIPITATION IN THE EASTERN DISTRICT. 

The annual rainfall on the immediate coast, from Cape Hatteras to 
Cape Lookout, is over 60 inches; the amount gradually decreases west- 
ward to about 60 inches at Ealeigh. Throughout the entire division 
the chief maximum rainfall occurs in July or August, the chief min- 
imum in October or November, with a secondary minimum in April. 
In some years the chief maximum has been deferred to September or 
even October o\vdng to the more frequent occurrence of sub-tropical 
storms during these months. The explanation of the greater rain- 
fall in the east is very simple. " The prevailing track of storms which 
cross North Carolina is from south to north, and the heaviest rainfall 
usually occurs on the east side of such storms. Thus it is inevitable that 
the circulation of the winds, while the storm is approaching or is over 
the state, will be such as to draw from the ocean large masses of damp, 
rapor-laden air, and that the greater amount of its moisture will fall 
in the east. The greater precipitation on the coast is not of much 
influence on waterpower, since it occurs only over the lower courses of 
the rivers. 

PREOIPITATION IN THE CENTRAL DISTRICT. 

The rainfall over the central portion of the state lies between 45 and 
50 inches. This includes all points within the trapezoid formed by the 
Qorthem and southern boundaries of the state and oblique lines drawn 
from Gates to Anson counties on the east and from Surry to Union on 
the west. The maximum fall occurs in July, and is almost entirely due 
to the convectional current inducted by solar radiation (thunderstorms). 
The amount of rainfaU is nearly equal during spring and winter and 
is least in autumn. 

PRECIPITATION IN THE WESTERN DISTRICT. 

Great diversity characterizes this section. The rainfall is very great 
on the southeast slope of the Appalachians. In Macon county a series 
of very reliable observations at Highlands gives an annual normal of 
72 inches, and an equally trustworthy record for six years at Horse 
Cove, south of and 1000 feet lower than Highlands, gives nearly 73 
inches. The effect is due to the configuration of the valleys and the 
influence of elevation. When cyclonic disturbances pass westward of 
the state, or under anv circumstances which will force masses of air 

7 t." 

against the mountains from the south, southeast or east, the currents of 
air are deflected upwards, and the moisture they contain is precipitated 
by the cold of elevation. The same effect is noticeable to a more lim- 
ited extent on all of the eastern slopes of the mountains at least as far 
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north as Linville, except where the ranges are lower. Immediately 
beyond the crest of the Blue Eidge there is a rapid diminution in the 
quantity of precipitation especially prominent in the larger valleys. 
Asheville, with a record extending over 22 years (which is broken, 
however, between 1880 and 1890), has a normal fall of about 42 inches, 
so far the smallest reliable record in the state; Waynesville, Haywood 
county, averages 46 inches. At many western stations the chief maxi- 
mum falls in winter or early spring. 

VARIATIONS IN PRECIPITATION. 

Besides the abundant supply of water, the variations in the monthly 
and daily rainfall which change the amount of flow or volume of water 
carried to the sea are of considerable importance in considering the w^ater- 
power of a district. In Table IV (p. 48) are given for selected stations 
the largest and least monthly rainfall, with dates, and the possible 
fluctuations of the highest and lowest monthly averages in percentages 
of the monthly mean. In respect to the frequency of heavy rains Korth 
Carolina ranks very high. Considering an excessive daily fall to be 
2.50 inches or more in 24 consecutive hours, in Septemeber the state 
ranks first in frequency of such rains, in August and October is sur- 
passed only by Florida, in July and December by California,. Louisiana 
and Texas. The least heavy precipitation occurs in June. 

LARGEST DAILY RAINFALL. 

The following are the largest daily totals ever recorded in Xorth 
Carolina for each month of the year: 

January. — Fayetteville, 6.00 inches, January 8 and 9, 1879. 

February. — Highlands, 6.01 inches, February 8 and 9, 1891. 

March. — Hatteras, 6.72 inches, March 30, 1879. 

April. — Fayetteville, 6.25 inches, April 27 and 28, 1879. 

May.— Weldon, 6.03 inches. May 10, 1887. 

June. — Salisbury^ 7.39 inches, June 10, 1883. 

July.— Wilmington, 7.33 inches, July 15, 1886. 

August. — Hatteras, 9.14 inches, August 23, 1880. 

September. — Ellsworth, 13.00 inches, September 15 and 16, 1881. 

October. — Columbus, 5.62 inches, October 13 and 14, 1893. 

IsTovember. — Hatteras, 6.16 inches, Xoveinber 7 and 8, 1893. 

December. — Fayetteville, 6.00 inches, December 9th and 10th, 1878. 

WET AND DRY YEARS. 

The year 1877 was the wettest on record in Xorth Carolina and 
during that year the highest stages ever known occurred in some of the 
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rivers of the state. The annual rainfall has been below the normal 
continuously since 1889 (excepting a slight excess during 1891). The 
drrest years have been 1890, 1894, 189G and 1897. It would probably 
surprise many people to learn that at four stations in Xorth Carolina 
no measurable precipitation occurred in November, 1890, a possibility 
usually associated only with the arid regions of the west. The lowest 
stages of the rivers perhaps ever known occiuTed during the fall 
drought of 1897. 

SNOWFALL IN NORTH CAROLINA. 

The average snowfall for the state is about 5 inches. The snowfall 
is not a factor of great importance, as it is rarely heavy, and that which 
falls one day is generally dissipated by the next. In the moun- 
tains the snow rarely remains on the ground over a week at a time. 
There can be no accumulation of snow sufficient to cause spring floods 
as such. The heaviest snows frequently occur in the central section 
of the state, which is more open to the north and northeast winds accom- 
panying storms on the coast with which snow usually occurs. During 
the past five years the snowfall in Xorth Carolina has been much above 
the normal in consequence of the occuri'ence of two severe winters, one 
shortly after the other (1893 and 1895). The snowfall of February, 
1895, was especially remarkable. The totals for that year were Lit- 
tleton, 22 inches; Henderson, 32; Oak Kidge, 26; Saxon, 36; Ashe- 
ville, 39; Highlands, 54; Linville, 48; Mt. Airy, 32; Lenoir, 22, and 
Waynesville, 34 inches. 

The average annual snowfall at selected stations for the past five 
vears is given below. These amounts are much above the normal annual 
fall: 

A^sheville 16 inches. Raleigh 12 inches. 

Ohapel Hill 13 " R()xlK>ro 13 " 

Highlands 22 '' Rockingham 8 '' 

Eenderson 16 *' Southport 3 " 

Littleton 16 " Selma 10 " 

Louisburg 15 " Saxon 17 " 

Lenoir 11 *^ Soapstone Mt 17 " 

Mt. Airv^ 12 " Salisburv^ .11 " 

Mt. Pleasant 11 " Tarboro*^ 7 '' 

Oak Ridge 11 '' Weldon 9 " 

Pittsboro 14 " 

TRECIPITATION CHARTS. 

The charts presented in Figures 2 to 6 are based on the material 
given in Table III (pp. 36-38). Records obtained previous to the 
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year 1887 are not strictly comparable with those extending thp 
1897; and in some cases their proper weight has been estimated, 
to be observed, furthermore, that the scale of shading of necessity 
not the same value in all the seasonal charts, beginning with a 
• of 6 to 8 inches for autumn, 8 to 10 inches for spring and winter, 
12 to 14 inches for summer, the season of heaviest precipitation. 

7BESHETS ON THE BIVEBS. 

All of the rivers of North Carolina are subject to freshets 'w 
occur irregularly at any time of the year. The melting of snow ii 
mountains and breaking up of ice in spring are never a cause of fre 
in this state. Ice gorges occasionally occur in the western rivers, es 
ally on the New river and its tributaries. Freshets may take pla< 
a single river basin, as for instance, in August, 1894, when heavy : 
occurred in the southeast portion of the state from the 3d to the 
which caused a rapid rise in the Cape Fear river to 34 feet on 
gauge at Fayetteville, while streams further north were not aflFect< 
all. The most disastrous flood of recent years was that of July, 1 
when the Koanoke reached 42 feet at Weldon (within 5 feet ol 
highest stage known) and the Cape Fear 49.5 feet on the 12th. Prol 
the highest authentic stage known on the Cape Fear was 68 feet, 
uary 12, 1895. 

INFLUENCE OF KAINPAIiIi ON THE FLOW OF 8TBEAMS. 

In conclusion, it mav be noted that the calculation of the amoui 
water available for power from a given rainfall is a very compile 
one. While rivers draw their entire supply of water from the pre 
tation over their basins, a large percentage of the rainfall is 
immediately by evaporation, absorption by vegetation, etc., and n 
soaks into the ground until it reaches an impervious substratum, 
river supply is sustained during drought by the underground wa 
There will be, then, a very great variation in the influence of rai] 
at different seasons of the year. The following illustration ma; 
given as an extreme case. 

The mean stage of the Cape Fear river at Fayetteville during 
cember, 1894, was 7 feet, and the final stage, December 31, 6 
The average rainfall over the entire basin of the river during Jani 
1895, was 6.97 inches, which maintained during January a n 
stage of 20 feet, and caused a maximum flood of 58 feet on the 12t 

Consider, now, similar data for August, 1898. The mean stage 
ing July, 1898, was 6 feet, the final stage 4 feet, which, though 2 
lower than that at the end of December, 1894, is not material at 
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low stagea. The average rainfall for August over the entire basin was 
7.59 inches, or over half an inch more than during January, 1S95, vet 
this amount was only able to maintain a mean stage during Aiigust of 
10 feet at Fayetteville, and the maximum flood was only 29 feet on 
the 22. 

Waterpower depends on the quantity of water in cubic feet per second 
and the distance through which that water falls. From the data fur- 
nished by the meteorologist, and his own measurements on the volume 
and fall of streams, it is the province of the hydraulic engineer to calcu- 
late the available waterpower. 



TABLE IV.-Gbi 



a Least MnNTiii.T Fhbc imitation. 



Cbipel Hill 600 

Cbarlotte 808 

rayettevllle ITO 

Qoldsboro lOS I 

QreeDSboro S*A '■ 

areenvUle 7G ' 

Hishlaade 3817 I 

HoneCove 2800 . 

Hatteras U i 

Kittr Hawk 9 I 

Littleton 380 I 

I>ou1>burs 87K ' 

Lenoir IIW 

LumbertoQ 

Morganton IISI 

Mt. Airy 104H 

Mt, Pleaeant BRO 

Newbero 12 

Oak KlilKe 8»S , 

PliMboro 480 

Halelah ■ 376 ' 

Hujkrniitiaiii 210 

Bflxboro 000 

Southpoit 84 

8«llBbury 760 

Selma ■ 22S ■ 

BaiOD soil I 

SoapxtoDC Mount BOO 

Sou the ni Pints 400 i 

Tarboro 60 I 

WeldOQ 81 , 

Wlllerton 4S 

Wilmington 6S 



III 



I HlabcBt BDd 

montblr BveraKfi 
I Id p«roeDlag«&' 



17.20 jjuly, l«» 0.34 



Nov., 1300 
Not., 18B0 
Oct., 1802 



FeO.. 18- 
JuD.. 1BR2 
Aug.. 1880 I 



July, lew 

Aug..18«; 
Amr..l887 



O.SR Nov.. 1B7II 



0.17 Nov laeo 



0.37 Oct., ie« 
0.8S Oct., I8M 

Oec. 1880 

Nov.. IWO 
Nov.. 1890 
nee. 18M 
Nov., 1890 
Sep., IBM , 
Sep., 1806 I 
Nov,, 18B0 ; 



• Biplanatlon.— The blgbest and lowi 
centasea of tfae mcBD, obtalood by divldl 
As be v1 lie (Table 1111. 42.28 divided by 12 
at Aabeville,5.(6 Id July. i> 143 per ceul.: 



t monthly average ralDfall froDi Table III. In per- 
iK the anoiial total by 12. Thus, annual rainfall it 
' 3.52 Inches. 01 this the largest monthly avenm 
he smallest monthly average. 3.82 In October. 1« 'i 

naldered quite trustworthy. 



CHAPTER III. 

THE FLOW OF STKEAMS/ 

The essential elements of a waterpower are the fall and the quantity 
of water; and the amount of fall being a fixed quantity, capable of being 
measured once for all, and therefore not needing discussion, it is nec- 
essary to determine the amount of water that a given stream will afford 
at a certain point and the variation in the flow from month to month. 

CONDITIONS ASTECTINO THE FLOW. 

The average amount of water carried past a certain point in a year 
depends, among other things, upon the amount and distribution of the 
rainfall, the area of the drainage-basin, and the character of that basin. 
All the water carried by is derived from the rainfall, but of the total 
rainfall a certain amount is lost in the following ways: By percolation 
and discharge through subterranean channels; by evaporation from the 
soil and the surfaces of streams; by absorption through the roots of 
trees, shrubs, and grasses, and subsequent evaporation. The amount 
discharged by the streams will be greater as these sources of loss are 
diminished, and the problem before us is to determine for each par- 
ticular case what proportion of the rainfall is so discharged; and we 
must, moreover, endeavor to find out the laws regulating the distribu- 
tion of the flow through the year, and from year to year. In the case 
of most streams the flow varies greatly from day to day, and from 
month to month, being occasionally in times of freshet 50, 100, and 
even several hundred times its minimum volume. Thus the table 
given further on shows that the Potomac river at Cumberland has been 
known to discharge a quantity 716 times as great as its minimum dis- 
charge, while the maximum discharge of the Merrimac is only about 
70 times its minimum discharge. 

A great fluctuation in the volume of water in a stream is evi- 
dently an obstacle to the extensive use of waterpower, making it neces- 
sary to depend only on the flow at times when the stream is low, or to 
use auxiliary steam power, or to store the freshet water in reservoirs, 
and so increase the flow in dry seasons. It is necessary, therefore, to 
discuss, to some extent, tlie total amount discharged by streams (or the 

> By Geo. T. Swuin, Professor ot Civil Engrineerinj? in the Mass. Institute of Technology, 
Koston. 
4 
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proportion of the rainfall flowing off) and the manner m which that 
total amount is distributed through the year. As regards the first of 
these questions, it has generally been customary to assume a certain 
fixed proportion of the annual rainfall as flowing from the surface and 
discharged by the streams; but it has always been recognized that the 
proportion to be thus assumed varies greatly according to numerous 
circumstances, such as the area and form of the drainage-basin; the 
distribution of the rainfall through the year, as well as its amount; 
the extent of the forests; the number and extent of lakes; the char- 
acter of the soil and rocks, and the state of cultivation; and all of 
these factors affect not only the total discharge of a stream but also 
its distribution. With a given watershed, in any particular year, a 
certain proportion of the rainfall will be discharged and distributed in 
a certain way, but both that proportion and that distribution are liable 
to change if any one of the above conditions are altered. Thus the 
greater the area of the watershed the more uniform the flow, other 
things equal, because streams draining small areas are more subject 
to the effects of sudden rains than those draining large ones; and while 
in the former case there may be weeks at a time when no rain falls 
on the basin, and the stream draining it almost dries up, in the latter 
case there will probably be frequent rains on some part or other of the 
basin. 

The table given further on illustrates this point by showing that, 
as a rule, the ratio of maximum to minimum discharge is greater 
in the case of small streams than in that of large ones. And, in like 
manner, the form of the drainage basin exerts a certain influence. The 
distribution of the rainfall is a very important point, and as an exam- 
ple of the great variability of the proportion of the rainfall discharged 
from the same watershed in different years the case of the drainage area 
of the Albany waterworks may be cited, where, from an area of 2,600 
acres in 1850, between May and October, inclusive, 41^ per cent, of 
the rainfall was carried off by the streams, while in 1851, within the 
same period (from May to October) 82.6 per cent, was discharged.' 
Hence it is that the year of minimum rainfall may not be the year 
in which the streams get lowest, or the one in which the season of 
lowest flow occurs. An eminent authority has remarked : " This (the 
year with the season of least flow) is not necessarily the year of least 
rainfall, nor even the year of greatest apparent drought, but is the 
result of such a distribution of the rainfall that the excess of water over 
the amount needed for sustaining vegetation and supplying losses by 
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evaporation is very small for several successive months." * The pro- 
portion of the rainfall discharged by streams is therefore a very uncer- 
tain and variable quantity, varying not only for different streams, but 
for the same stream in different years; and it is evident that the at- 
tempt to deduce the distribution of the flow of streams by taking cer- 
tain proportions based on the rainfall is still more uncertain. Hence 
it is that some eminent engineers have given up the use of any proper^ 
tion at all in calculations regarding the capacity of streams to furnish 
water-supply, and have adopted for this climate a certain fixed number 
of inches of rainfall as available. Mr. Croes has remarked in another 
place * that " the few records that exist of the flow from known drain- 
age areas establish the fact that not over 16 inches per annum can be 
depended upon on the Atlantic slope, and many engineers who have 
devoted a good deal of attention to the subject are very decided in 
their opinion that not more than 11 inches should in any case be 
calculated on." 

Extended data with reference to the amount of water available from 
watersheds is obtainable in connection with certain New England 
streams, and the following figures may be of interest, although not 
applicable to streams in other parts of the country where the conditions 
are different. 

On the Cochituate watershed near Boston, comprising an area of 
about 19 square miles, the average rainfall is 47.43 inches and the aver- 
age amount collected is 21.59 inches, or 46 per cent In 1880, how- 
ever, the rainfall was 35.83 inches, the amount collected 10.3 inches, 
or 29 per cent., while in 1883 the rainfall was 31.2 inches, the amount 
collected 10.11 inches, or 32 per cent. On the Sudbury watershed, 
which also supplies Boston, and comprises about 75 square miles, the 
average rainfall is 45.76 inches, the average " run-off " 22.29 inches, 
or 48 per cent. In 1880, the rainfall was 38.18 inches and the " run- 
off " was 12.18 inches, or about 32 per cent.; and in 1883 the rainfall 
was 32.78 inches, the "run-off" 11.19 inches, or 34 per cent. In 
these cases the minimum " run-off " is about one-half the average. In 
the cases of larger watersheds the difference will not be so great. 

The annual yield of streams, or, as it is frequently called, the " run- 
off," is now being studied in the case of many streams in all parts of the 
countrv, and in the near future better results than are now avail- 
able will be at the disposal of hydraulic engineers. The U. S. Geo- 
logical Sun'^ey is doing much in this direction, and in one of its 

' Newark Aqueduct Board, Report on Additional Water Supply, ))y J. J. U. Croes and (\. W. 
Howell, 1870. 
' Knoinrtring News, March 2<», lsH(). p. U^. 
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bulletins (Bulletin No. 140, 1896) much information is given in this 
connection. Regarding large streams, however, the details are com- 
paratively meagre, and in few cases have the records been long enough 
continued to allow reliable estimates for the future to be made. In 
New England, the Merrimac and Connecticut rivers are daily mea- 
sured in connection with the large waterpowers developed at Lawrence, 
Lowell and Holyoke, but these streams are exceptional and are no 
criterions in judging of the streams in the Southern states, principally 
because they are fed by many or by large lakes. It may be men- 
tioned, however, that even the Connecticut river, with an average rain- 
fall of about 44 inches and a drainage basin of 8,660 square miles, 
has in one year (1883) shown as low a " run-off " as 12.7 inches. 

Measurements have been made, by the Geological Survey, of the 
flow of various streams in North Carolina. The results are inter- 
esting, but the measurements do not cover sufficient time to be of much 
service in connection with the estimates in this report. When extended 
so as to cover twenty of thirty years, these records will be of great 
value. 

CONDITIONS ATTECTINa 7LTTCTUATI0NS IN FLOW OF 8TBBAMS. 

It may not be out of place to devote a few lines here to a closer 
consideration of the causes affecting the fluctuations in the flow of 
streams. Evaporation, the principal source of loss, acts in different 
months with very different degrees of intensity, being generally great- 
est in the summer months and least in the winter. It is sometimes the 
custom, in calculating the amount of water-supply available for the 
use of a town, to assume a certain proportion of the rainfall of each 
month as collectible or as discharged through the streams, that pro- 
portion varying from 20 or 30 per cent, in summer months to 70 or SO 
per cent., or even over 100 per cent., in others. Now, if we assume 
that the rainfall at any particular time reaches the streams within a 
short time after it has fallen, say within a month or so, then, if the 
rainfall is uniformly distributed throughout the year, the flow of the 
streams will decrease as the evaporation increases, and will be several 
times greater in some month (the month of maximum flow) than in 
some other month (the month of minimum flow). If, now, the rainfall 
be so distributed that in the months when the evaporation is least the 
greatest rainfall occurs, it is evident that the proportion of the rain- 
fall discharged will be greater than in the first case,while the variability 
of the flow will also be greater. In this case, then, a larger amount 
of water will be available, but the storage necessary will also be larger, 
while the minimum and low-season flow of the stream, without storage, 
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will be less than before, for the reason that the minimum rainfall will 
occur during the summer months, when the evaporation will be great- 
est. 

Again, if the greatest rainfall occurs in those months in which the 
evaporation is greatest, the proportion of the rainfall discharged by 
the streams will be less than in the first case, but the flow will be more 
uniform. In this case, then, a smaller amount of water will be avail- 
able, but the necessary storage will be less, while the minimum flow 
of the stream, without storage, will be greater than in either of the 
previous cases. Hence we see how the distribution of the rainfall and 
the amount of the evaporation affect the flow of the streams, and by 
considering these, as well as the other elements affecting waterpower, 
we may be able to judge of the relative value of two streams, and to form 
some estimate of their flow, even if no gaugings are at hand, although 
such estimates are very rough and liable to be greatly in error. 

CONDITIONS AFFECTING TTNIFOBMITY OF FLOW. 

Two elements of a good waterpower are large flow, or large pro- 
portion of rainfall available, and uniform flow. The flow may be 
large, but if it is very variable the storage-room necessary to utilize it 
all may be too large, while a small flow, if uniform, could be utilized 
without any storage at all (except where it is desired to concentrate the 
power into less than twenty-four hours). But the remaining factors 
above named, viz. soil, forests, lakes, affect very materially the flow of 
streams, both in amount and in constancy. The effect of these is felt 
in so many ways that it would not be the place here to discuss them 
extensively. But, as showing what principles have guided me in mak* 
ing my estimates of the flow of the various streams, I may be permitted 
to sum up here briefly these effects. 

A deep and porous soil, if underiaid by an impervious stratum, down 
to which the streams have cut their beds, has the effect of diminishing 
the evaporation and rendering the flow of the streams more constant. 
In some cases, however, and especially when the streams have not cut 
down to an imper\dous bed (that sheds the water that percolates to it), 
a deep and pervious soil is accompanied by considerable loss by flowage 
in subterranean courses, so that the flow of the streams may be dimin- 
ished. It does not seem as though this were the case in the Southern 
states. 

The action of lakes in regulating flow is evident, but it is next to 
impossible to estimate it numerically. They exert a more important 
influence in this respect than any other factor entering into the question. 

As regards forests, I am constrained to speak of their action somewhat 
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briefly, for the reason that the problem is one of great complexity and 
involves many factors which are at present not well understood, and 
because of the further fact that, on account of the climatic conditions 
in some parts of the district under consideration, their influence may be 
overestimated. Although authorities are not agreed as to whether 
forests increase the actual amount of rainfall, the weight of evidence 
seems to be tending to prove that they do not. All are agreed, how- 
ever, that they act as regulators of the flow of streams; which they 
appear to accomplish through the decreased evaporation under a shaded 
surface, and the increased sub-drainage through the resistance to surface 
drainage and increased porosity of a forest-covered soil. The forests, 
therefore, diminish the quantity of water flowing directly from the 
surface in summer, and by storing it up, to be given out gradually, con- 
tribute to the constancy of the streams. (See page 64 for further 
remarks.) 

ICETHOD OF BSTIMATnrO THE FLOW OF 8TBEAJCS. 

I will now proceed to explain the general method I have followed in 
estimating the flow of the streams in this district. In calculating the 
amount of waterpower available I have considered the flow of streams 
chiefly with reference to three quantities, viz. : 

1. The absolute minimum flow. 

2. The minimum low-season flow. 

3. The low-season flow in ordinarily dry years, but not the driest. 
a. The absolute minimum flow determines the maximum power which 

the stream will afford, at a given point, at all times; but as this mini- 
mum flow generally occurs during a period of not over a few days at 
intervals of a number of years, it is not of so much importance as the 
other quantities, and if only this flow is utilized there will be a large 
amount of water wasting, even in the low season, for years in succes- 
sion. The amount of this flow is best approximated to, by assuming 
a certain discharge per square mile of watershed, varying with the area 
of the watershed and the local and climatic conditions. In estimating 
this flow I have made use of the results given in the table on page 55. 
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6. The minimum low-season flow is the smallest average amount 
flowing during a period of from six to three weeks, generally in summer, 
when the stream is at its lowest. In most years the average flow dur- 
ing the season of least flow exceeds this amount It may therefore be 
depended upon at all times, except for intervals of a day or two, perhaps 
several days at a time, during which the flow approaches its absolute 
minimum, and may be rendered available at all times by a small amount 
of storage. In ordinary years there will generally be an excess all the 
time. 

This minimum low-season flow can probably be best estimated by 
comparison with results of observation, some of which are given in the 
table on page 55. But in most cases I have estimated it as follows: 

1. Seven-tenths of the mean annual rainfall may, in general, be 
considered the minimum rainfall. 

2. Forty per cent, of this may, on the average, for tolerably large 
drainage basins, be considered to be discharged by the streams, subject 
to variation, however, according to local and climatic conditions; but 
in no case should the amount determined in this way ^s the total 
amount discharged in the year of the minimum low-season flow exceed 
say 10 to 13 inches. 

3. The distribution of this flow through the year may be estimated 
from the results of the table on page 57, bearing in mind, however, in 
estimating the coefficient which expresses the proportion of the mean 
monthly rainfall which is discharged in the driest month, the various 
remarks concerning the district considered, on pages 53 and 54. 

c. The low-season flow in dry yeaes (but not the dbiest) I have 
sometimes estimated by assuming the run-off somewhat larger than for . 
the minimum low-season flow, and taking a certain proportion, of this as 
the amount flowing in the one or two months when the stream is low- 
est, according to the table on page 57, modified according to circum- 
stances. In many cases, however, I have simply increased the estimate 
given for the minimum low-season flow by an arbitrary percentage. 
From the above remarks it will be clear that without storage this flow 
may generally be depended upon except in the low seasons of very dry 
years when the supply may be deficient for several weeks at a time. 
In ordinary years at least one-quarter more may generally be depended 
upon at all times than the figures under this head in the tabular state- 
ments of power concerning the several streams described in this report 
indicate. 

The month of least flow (the driest month) varies considerably from 
year to year, falling sometimes in the summer and sometimes in the 
winter, and the months do not pucceed each other in the order of dry- 
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ness. As a rule, however, the driest months fall in summer^ although 
sometimes the difference is not very pronounced. (See a paper by Mr. 
Clemens Herschel, " The Gauging of Streams." Transac. Am. Soc. 
Civ. Engrs., vol. vii, 1878, p. 236.) 

In describing the separate waterpowers I have therefore given three 
estimates. For convenience of reference I will recapitulate them here, 
noting briefly their exact meaning: 

1. The absolute minimum. — This can be depended upon always, and 
with no storage at all. There will be large waste all the time, except 
for a few days at a time in intervals of several years. 

2. The minimum low-season flow. — This, with no storage, can be 
depended upon at all times, except for a short time in some dry seasons. 
With small storage it can be depended upon all the time. 

3. The low-season flow in OBomARY dry years (not ordinary 
YKARs). — This, without storage, can be depended upon generally, except 
in the low season of dry years, when the supply will be deficient for, 
perhaps, several weeks; in very dry years, when the supply will be 
deficient fon a longer time, and in ordinary years, when the supply may 
be deficient for a few days at a time. It can be rendered permanentiy 
available by storage. The low-season flow of ordinary years can be 
depended upon less than the minimum described in paragraphs 1 and 
2 above; but generally it can be depended upon for nine or ten months 
of every year. 

In ordinary years, during the " low season," a quantity probably at 
least one-quarter greater than during the " low-season flow in ordinary 
dry years " may be secured. 

Attention is again called to the fact that all the estimates in the fol- 
lowing pages must be considered only rough approximations. It is 
impossible with the data at hand to give anything better. 

Especial emphasis is also directed to the fact, just mentioned, that 
during ordinary years the amount of power available at the different 
sites during the low season will be much greater than given in the tables, 
probably at least one-quarter greater. 

ESTECT Am) FEASIBILITY OF STOBAGE BEBEBVOIBS. 

The above estimates are, of course, for the natural flow of streams 
unaffected by storage reservoirs. By building such reservoirs, a larger 
quantity of water might be used in a year (by drawing on a wet season 
to cover the deficiency of a dry one), and it may be used more uni- 
formly throughout the entire year than would otherwise be the case. 
If suitable reservoirs could be built, it would be possible (allowing, 
of course, for evaporation) to collect and draw the total quantity of 
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water discharged from the drainage basin and to use it uniformly. 
Suppose, for instance, the average quantity of. water flowing oflf from 
the drainage basin were 20 inches, varying from 12 inches in very dry 
years to 30 inches in wet years; then, if it were possible to construct 
large enough reservoirs, we could draw every year a quantity at least 
equal to 12 inches over the drainage basin, and we could draw this at 
the rate of one inch or more per month or with absolute uniformity 
every hour during the year. It would not, however, be possible to 
render available 20 inches every year; not only would this require very 
large reservoirs, but it would require the storing of water from a very 
wet year to supply a dry year several years afterward, which, on account 
of evaporation and leakage, would not be practicable. The idea, there- 
fore, of making use of the average " run-off " (t. e. quantity of water 
discharged in a year by a stream expressed in depth upon the drainage 
basin) must be entirely abandoned. Even in New England, where 
lakes are common and of large extent, it is only in very exceptional 
cases, as for instance, at the outlet of a large lake itself, that even the 
entire run-off in any one year can be utilized. In North C&rolina and 
in the South in general, the conditions are very unfavorable in this 
respect. There are no lakes, reservoirs would not be easy to construct, 
and evaporation is large. The question of storage and its effects upon 
the available power has not, therefore, been considered in this report 

If, however, at a given mill site there is a very large pond above the 
dam, and if the mill is only run during a portion of the day, say during 
twelve hours out of every twenty-four hours, it is practicable to con- 
siderably increase the average power by drawing down the pond during 
working hours and allowing it to fill up at night, as is now being 
done in a number of cases. This, of course, allows the use during 
working hours of a larger quantity of water than the average flow 
during that time, but at a head which is gradually diminished as the 
pond is drawn down. In most cases it would not be possible, therefore, 
for instance, to quite double the average power by using it only during 
12 hours. 

In many instances there is a succession of mills upon a stream, each 
with a large pond. In such case the action may be to a certain extent 
cumulative. The ponds may act almost as though they formed one large 
pond. In the morning all the mills start up; the lower ponds may be 
all partially drawn down, but the upper mills send down immediately a 
large quantity of water and begin to draw down their own ponds, which 
were probably full. The estimate of the effect of such a condition of 
tliiugs is easily seen to be, in many cases, very complex, but a study of 
this matter will explain many otherwise obscure points in connection 
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with the amount of power used at yarious mills on the same stream as 
compared with the actual minimum flow of the stream. 

USE OF SXTPPLEICENTAL STEAM OB SLECTBICAJ. POWER PLAITTS. 

In connection with this matter of the flow of rivers, it must also be 
remembered that in any one year the flow during say nine months, 
excluding the three driest months, will be very much greater than the 
minimum for the entire year. The mill-owner, therefore, who could 
to advantage diminish his capacity during a few months each year, 
could economically develop a much larger power than if it were neces- 
sary for him to keep up his capacity during the entire year. Or, what 
would be a better arrangement, if he can add to his mill equipment a 
supplemental steam plant, such as would supply the deficiency of power 
due to low water during one, two, or three months of the year, this 
arrangement would enable him to operate his factory at full capacity 
during the entire year. This same result may be accomplished if an 
additional small waterpower can be developed either a few miles above 
or below the location of the mill, and from this additional power be 
transmitted in the form of electricity from such point to the factory, 
where it may be used during low-water seasons to supplement the water- 
power developed at the factory itself. 

There are on the streams of middle and western North Carolina manv 
places where a waterpower has been developed to near or quite its full 
capacity, and where within a few miles either above or below this loca- 
tion the conditions are favorable for the development of a second power 
which of itself would be inadequate for operating a manufacturing 
plant, but which may be easily and cheaply developed and the power 
electrically transmitted to the plant already in operation and there used 
in dry seasons to supplement the original power, and thus prevent the 
loss of time and labor during any part of the low-water season. But it 
may be said concerning this arrangement that while it may enable the 
factory or mill to continue in operation at its full capacity during the 
very dry seasons, it will provide a considerable excess of power during 
nine or ten months of the year. And it might still be good practice to 
increase the equipment of the plant so as to utilize the full average 
capacity of these combined powers — the local power and the one elec- 
trically transmitted — and to add a supplemental steam plant for use 
during the drv seasons in order to keep this enlarged plant running at 
full capacity throughout the entire year. 

It is a question to be dotormined in each separate case, from financial 
and other considerations, how much power it will be desirable to utilize, 
with due consideration of such points as the length of time during 
which the supply is likely to run short and the cost of providing supple- 
mentary steam or electrical power. 
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TIDAL WATEBPOWB&. 

There is no tidal power either used or available in the district con- 
sidered, partly because there are no facilities for storing water, and 
partly because, as is evident from the topography of the country, there 
are no facilities for the location of dams and buildings on a low and 
swampy coast. 

TOTAL AVAILABLE POWER. 

It is customary to attempt to estimate the total available power of a 
district by assuming the average elevation and the quantity of water 
discharged. Such estimates have little value, because a large propor- 
tion of the power so estimated is, in fact, unavailable, on account of 
topographical features. In regard to the region under consideration, 
however, it is to be noticed that as the elevation of the Atiantic plain, 
at the foot of the mountains, is much greater than in the states farther 
north, varying from 1200 feet in North Carolina, at the sources of the 
Catawba, to 500 * feet in Virginia and 100 to 300 feet in Pennsylvania,* 
the total theoretical power in the region we are considering will be very 
large in proportion to its area, especially if we exclude the eastern divi- 
sion from consideration. 

Having presented the general features of the district under consid- 
eration, and having briefly pointed out the general principles relating to 
the amount of power available, and explained the method used in calcu- 
lating it, it is now only necessary to show how, in the application of 
tliose principles, the general characteristics of the region show their 
effects and are to be taken into account. 

GENERAL STJIOCAEY. 

INFLUENCE OF WINDS AND EVAPORATION. 

1. It follows from the position of the region that the warm and moist 
S.W. winds from the Gulf of Mexico traverse its whole extent. Hence 
the rainfall is greatest (62 inches) in Alabama and southern Georgia, 
while the evaporation is comparatively small, because the air is moist, 
and the rainfall diminishes to 44 inches and less in North Carolina and 
Virginia, while the air becomes drier and the evaporation greater. 
Al)ove North Carolina the greater part of the rain comes from the 
Atlantic, while south of Virginia most of it comes from the Gulf. This 
fact — that the evaporation increases toward the north — ^has an impor- 
tant bearing on the flow of the streams, which will be referred to 
further on. 

» rUiyot. 
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INFLUENCE OF TOPOGRAPHIC FEATURES. 

2. From the topography it follows that all the waterpower of import- 
ance is in the middle division. In the eastern division the streams are 
too sluggish, and in the western they are too small and inconstant. 
Although the middle division is very favorably located for waterpower, 
it is imf ortunate that in the eastern division, just where the streams are 
the largest, the conditions are not favorable. The middle division is, 
topographically, very favorable for power. The fall of the streams is 
great, but as a whole tolerably uniform, and their volume moderately 
large. They cross the ledges of rock at large angles, forming many 
rapids, rifts, or falls in all parts of this region. These ledges, being 
composed of hard, durable, and impervious rocks, generally granite or 
similar rocks, insure the permanence of the powers, and afford every- 
where good sites for dams. The shape of the river valleys is such as 
to render the utilization of the power in most cases easy, th^re being 
only a very few instances of anything approaching the canon structure. 
The facilities for storing water are, on the whole, good, though the 
shape of the valleys does not seem to be particularly favorable; for in 
the mountains the fall is too great and the valleys too narrow to afford 
large reservoir room, while lower down the rivers are bordered by fertile 
bottom-lands, which it might be inadvisable to overflow, and besides, as 
the streams are tolerably large, it would be difficult to store sufficient 
water to increase the power much. In the matter of storage this region 
is notably less favorable than such states as Maine and Pennsylvania. 
The absence of lakes, also, operates unfavorably on the volume and 
constancy of the streams, especially in the upper parts, and this is coun- 
teracted by the action of the forests perhaps to a less extent than might 
be supposed. (See below.) 

The country in the middle division being moderately hilly, the rain- 
fall is neither precipitated suddenly into the river channels, rendering 
them subject to sudden freshets, nor is it discharged too gradually, so 
as to render the evaporation abnormally large. On the contrary, the 
depth and perviousness of the soil, the fact that it is everywhere under- 
laid with hard and impervious rock, and that the rivers have cut their 
channels down to this rock-bed, contribute to the volume and con- 
stancy of the streams, and diminish the loss by evaporation and by sub- 
terranean flowage. This depth of soil, ser^dng to store the waters, is 
especially beneficial in view of the variability of the rainfall, in which 
respect some parts of this region stand at a disadvantage, which is thus, 
to some extent, compensated for. In Maine, for instance, the soil is 
very shallow compared with that in North Carolina, but the rainfall is 
very equally distributed tliroughout the year. (See page 52 for further 
remarks on this subject.) 
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INFLUENCE OF FORESTS. 

3. The influence of the forests in the western division is favorably 
yet not to such an extent as might be supposed^ according to what has 
been said regarding the influence of woods in winter and in summer. 
In f act, there is reason to believe that at least in the northern parts of 
the region considered less water percolates into the ground in winter, 
to be stored and given out by springs, than in open ground. From 
the experiments which have been referred to, the conclusion has been 
drawn for Germany that the cutting down of forests has the effect in 
winter of increasing the discharge of springs and causing a higher aver- 
age stage of the water in the streams than existed before.* In hot 
regions, and in summer, the cutting down of woods has the opposite 
effect, but it does not seem improbable that, for the district considered, 
the effect would be to a certain extent as stated, especially if (as is the 
case in the western part of the district in many cases) the rainfall is 
greater in winter than in summer. For this reason it is easy to over- 
estimate the effect of the forests as regulators of flow. Their effect is 
certainly very much smaller than in regions where the rainfall is greater 
in summer than in winter, in which case their effect is very beneficial 
and only exceeded by that of lakes or artificial reservoirs and surface 
materials. The fact that the mountains in this district are covered 
with soil is one of great importance, and on this account the flow of the 
streams will be much more constant than it would otherwise be. 

INFLUENCE OF TEMPERATURE. 

4. I have already aUuded to the winds and the position of this region 
as affecting its waterpower. As regards temperature, it is, of course, 
higher in this region than in New England. In summer the difference 
is some 12°; in winter, over 20°; and for the year, in the middle divi- 
sion, 12° to 15°. The average temperature in winter. is far above the 
freezing point; hence the streams rarely freeze over. Trouble with ice 
is almost unknown, and, in this respect, this region has a great advan- 
tage over the more northern states, which is, however, partially offset by 
the fact that the evaporation is greater. 

^\t. Wells, in his report on the waterpower of Maine, dwells upon 
the fact, which he says is founded on the testimony of persons who 
have had the largest and most varied experience in manufacturing in 
Maine and other states, that operatives can accomplish much more in 
winter than in summer, and more in cold than in warm states. I quote 
Mr. Wells' remarks on this point: 

»Eb(«rrartyor: Die phyHlliaUschfu Kinwirhtuiqrn dnt Wnhles auf Luftund Bodcu.UJ\d 8f«»w 
hUmatologiactn und hyiiieniftche Dcfkutunn. Ilcrlin, is?:}, ]». 2*2;i. 
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" It is well known that at the large majority of manufacturing labors 
the burden of the day^s work is felt by the operative to be much heavier 
in summer than in winter. The cold of the latter season can be so 
guarded against and mollified that throughout the whole establishment 
precisely, or very nearly, that temperature can be secured which is 
most contributive to vigorous exertion. But the heat of summer, per- 
vading and penetrating everything, and brought in at every open win- 
dow with the necessary supplies of fresh air, cannot be shut out. It 
cannot be qualified. It oppresses the worker with a languor rarely 
experienced in out-of-door avocations, and renders it impossible for him 
to do so much or do so well as he can easily do in cool weather. Ac- 
cordingly, the evidence is that in Maine, where the summer tempera- 
ture is low, where it rises above the point of comfort for but a few days 
for the whole season, operatives, circumstanced equally in every other 
respect, accomplish more than in the interior and more southern states 
by the truly remarkable fraction of 10 per cent." 

It must, however, be borne in mind that although in warmer climates 
the operatives are unable to accomplish so much, yet, on the other 
hand, the expense for heating the factory buildings is greatly reduced, 
and that, further, as the operatives can live more cheaply on account of 
not needing so much artificial heating in their houses, their wages may 
be much less in proportion. In fact, it is stated that the wages paid 
to operatives in cotton factories in the Southern states is from 30 to 
50 per cent, less than in the New England states.* The table of max- 
imum observed temperatures shows that the maximum observed tem- 
perature in Maine is about the same as in Georgia. The following 
table of the mean temperatures of the hottest and coldest months of 
the year will enable a comparison to be made between the New England 
states and the Southern states, and will show that the difference is 
not so great as is generally supposed. 

' Accordin^r to the census of 1890, the avera^re wagres paid to operatives in cotton factories 
in various states was as follows, in dollars, per annum : Maine, 304 ; New Hampshire, 321 ; 
Vermont, 281 ; Massachusetts, 334; Rhode Island, 314; Connecticut, 319; Pennsylvania, 348; 
Maryland, 250 ; Virgrinia, 188 ; North Carolina, 1 72 ; South Carolina, 187 ; Georiyia, 207. The 
wa^es will depend somewhat on the quality of eroods manufactured, but the average is 
evidently much less in the south. 
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Table or Mba5 Tempxraturbs of Hottbst and Coldbst Mouths if Various Places. 



PLACE. 



Number of Mean tempenture Mean temperature 
years of of hottest month. , of coldest month, 

observation. July. January. 



Bath, Me 

Castine, Me 

Brunswick. Me 

Newport, R.I 

Providence, B. I.. 
New Haven, Conn. 
Hartford. Conn. .. 
Manchester. N. H. 
New York, N. Y... 

Newark, N.J 

Philadelphia, Pa. . 

Harrisbu rg. Pa 

Baltimore, Md 

Washin^on, D. C. 

Norfolk. Va. 

Southport, N.C.... 
Chapel Hill. N.C.. 
Asheville, N. C. ... 

Aiken, S.C 



Charleston. 8. C. . . . 

Columbia. 8. C 

Fort Moultrie, S. C. 

Athens. Ga 

Atlanta, Ga. 

Augusta, Oa, 



11 


68.7 


40 


64.8 


&S 


67.4 


63 


70.1 


34 


70.9 


23 


71.8 


24 


71. » 




72.3 


25 


73.6 


54 


74.1 


25 


75.7 


8 


72.» 


25 


77.2 


25 


76.8 


28 


«8. « 


18 


80.0 


86 


78.6 


18 


78.4 


35 i 


79.9 


25 


81.8 


18 


81.0 


34 


81.7 


20 


78.6 


18 


78.0 


26 


81.1 



21.4 
20.1 
S9.9 
25.8 
27.5 
27.6 
23.2 
30.5 
29.2 
32.0 
80.3 
34.0 
33.2 
40.6 
46.3 
39.9 
38.9 

45.5 

50.0 
46.3 
50.2 
42.7 
42.5 
46.6 



Most of the stations in the Southern states are in the eastern divi- 
sion, where the weather is much warmer than in the middle and 
western divisions, where the waterpower is. The table shows that at 
Athens and Atlanta, Georgia, which are the best types of the middle 
section, the mean temperature of the warmest month is not much dif- 
ferent from that in the Middle states, although Maine, it is true, has 
a lower temperature by some 10°. It seems to me, however, that this 
effect of temperature has been overestimated, and that, so far as it alone 
is concerned, the advantages in the Southern Atlantic states more than 
counterbalance the disadvantages. 



INFLUENCE OF RAINFALL. 



5. As regards the rainfall, its distribution throughout the year on 
the watershed of each river is to be carefully considered. Variability 
in this distribution may not be a disadvantage, but on the contrary, 
if the summer fall is greater than the winter fall, the flow of the 
streams will be more regular, other things being equal. In determining 
the ratios to be used in estimating flow I have been influenced by this 
consideration, and if of two streams, similar in other respects, one has 
more rain in summer than in winter, and the other more in winter than 
in summer, I have taken the minimum flow of the former considerablv 
greater than that of the latter. Differences in the evaporation in dif- 
ferent parts of the district also come into consideration. If the other 
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climatic conditions remained the same, the effect of variability in the 
rainfall would be seen in a corresponding variation in the flow of the 
streams, and in those seasons when most rain fell the flow of the streams 
would be greater. Yet in the New England states, as well as in the 
Southern states, the streams are lowest in summer, even when more 
rain falls in that season, showing that the evaporation in that season 
is more than suflScient to make up for the greater rainfall. It is true 
that in the North there is a winter drought, caused by the snow lying 
so long on the ground, so that little of the precipitation reaches the 
streams; yet, although in some cases the driest month, or the month 
when the streams are lowest, falls in the winter, in general the summer 
drought is greater than the winter drought. On account of the in- 
creased evaporation, the southern streams will, in all probability, dis- 
charge a smaller proportion of the rainfall on their drainage areas than 
those in New England. Finally, the effect of soil and lakes must not 
be overlooked in comparing this region with New England, and in esti- 
mating the flow of the streams. 

The foregoing remarks have been made because it is necessary to 
present the principles which have guided me in making the estimates 
in this report The conditions determining the flow are, however, so 
various, that they cannot all be given due weight, even if they were all 
accurately known; so that the only safe guide in practical questions 
regarding flow is a series of gaugings extending over a number of years. 
But as there is not a single such series for the district considered it is 
necessary to resort entirely to estimate. Every engineer can form his 
own conclusions from the data at hand, and many may not be disposed 
to approve of the figures given. 



CHAPTER IV. 
GEOLOGIC DISTRIBUTION OF "WATERPOWER." 

OSOLOaiC 00NDITI0H8 APVECTINa WATKBFOWSB DEVELOFKEKT. 

Even the most casual obeerrer must be aware of the fact that the 
falls and sboalB in rivera, upon which we usually depend for the devel- 
opment of waterpowera, have a more or less intimate connection with 
the hardnees, durability and arrangement of the rock maaees that are 
croeaed by the channels of these streams; and in calling attention to 
this phase of the subject it is thought best to explain briefly the nature 
of this connection in certain of the types more commonly met with. 

m ABEAH OF HOKIZOSTAL BBDDED BOCK. 

One of the most common and simple examples of this connection is 
illustrated by the accompanying diagram (fig. 7), in which the layers 




of rock which underlie the stream are practically horizontal, and are 
alternately massive and composed of durable material, such as lime- 
stone and sandstone (a), and thiniy bedded shales (6) which are softer 
and more easily eroded. In the course of time the sand, gravel and 
bowlders carried down by the stream wear through the overlying hard 
rock at some point and then more rapidly cut away the xmderlying 
layers of soft material, the result being, first, a succession of rapids or 
shoali', and later, a vertical fall (as at 1) at least as high as tbe thick- 
ness of the shale material. In a similar way another fall may be pro- 
duced a short distance further down the stream (as at 2), the amount 
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of the fall there being lees in proportion as the underlying layer of soft 
ebale is thinner. Still further below (at 3) rapids or cascades are pro- 
duced, owing to the irregularities in the character of the layers of 
harder rock and the consequent irregular wearing. The exact condi- 
tiona here illustrated probably do not occur in North Carolina, but may 
be found approximated at Niagara Falls and many other places in the 
United States, 

IS AKKAB OF BEDDED SANDS ASD CLAYS. 

In some portions of the coastal plain region, however, where the 
streams are cutting their way down across the horizontal and soft strata 
.Buch as alternate beds of clay and sand, we have conditions somewhat 
similar to those described above except that in these cases the strata, 
instead of being alternate layers of hard and soft rocks, are of alto- 
gether unconsolidated materials which have not yet turned to stone. 





Fill S — Interbedded aanda and (lave faiorlDi! the development 

J* and /"^Finely Umluated and In plBces cross bedded, black lam 
and bedded but cri>BS-laDilnated cUjev arkoae above, the strata of bo 
beinK separated by layers ut sand varylDK In thickness Irom a small 
several feet. The strata marked P" nbove rr represent the same stri 
rr. ■=Sand hills back from the atreain border. (=Rlver terraces 
tfravel nt their base, rr=^Snrface of the stream shuwinj; that as It washes away the 
lamlnali'd arkosc and clay Irrej^ular rapids are produced in tbe slream, owing to the 
more rn|>id removal of the Interbedded sand. 

Such a condition of things may be illustrated by fig. 8, which represents 
soiiiewlint the conditions existing on Rockfish creek in Cumberland 
county, described in a subsequent chapter (p. 138). 

In the lower portion of its course the waters of Rockfish creek have 
cut their way down through the overlying sands and loams and are 
now cutting through the lower interbedded sands, clays and arkose, 
(p. 13S} nnd the still lower more finely laminated sands and greenish- 
black clays. Near the mouth of Eockfish these materials in its bed 
have been worn away to the level of the Cape Fear river which it joins. 
Further back from the Cape Fear the cutting down through alternate 
layers of loose sand and touph clay has resulted in producing a rapid 
but irregular current with occasional small shoals, at several of which 
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waterpowers have been developed by the construction of dama and fac: 
tones erected. 

m ABBAB OF TILTED BBDDXD BOOK. 

Figure 9 illustrates another condition of common occurrence. In this 
case the rocks resemble in character those in many portions of the 
country, especially in the southern Appalachian region, including por- 
tions of western North Carolina described above (p. 25), but the strata 
extending across the bed of the stream are inclined at high angles, 
often standing on edge. The upturned edges of these layers of 
rock vary greatly in charact^, some of them being \a) hard and dui^ 
able and otiiers (b) soft and easily worn away by the sand, gravel and 
bowlders swept along in the stream. When the water flows rapidly 
down such a stream we have resulting a river channel which is as a rule an 
extremely rough one, with here and there projecting ledges of hard 




rock extending across the Etream with as much regularity as though 
they were laid in masonry; while alternating with theae are the 
hollows and depressions worn into the surface of the softer rock. 
Where a large mass of the softer rock comes just below a large mass 
of hard materials (as at 1 in fig. 9) the conditions are favorable for the 
development of a fall or cascade of considerable height; but where there 
is less of the hard stone (as at 2, fig, 9) the extent of the cascade or 
rapid wOl be considerably diminished; and where there are a succession 
of alternating hard and soft layers (as at 3) the conditions are favorable 
for the development of a succession of rapids or cascades- If on the 
other hand the strata crossed by the stream are fairly uniform in char- 
acter there will be generally a corresponding uniformity in the current 
of water. 



IN AREAS OF SLATES AND CRYST.\LL1NE SCHISTS. 

One of the most common types of geologic structure affecting water- 
power developnieiit in Xorth Carolina and other South Atlantic states 
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ia that to be found in the great belts of slates and ciystalline schieta 
lying in the eastern part of the Piedmont plateau region. (See map, 
p. 78), Here, as in the structural type shown in fig. 9 above, layers 
or sheets of rocks are nearly vertical, and are composed of material 
varying in hardness and durability; but throughout much of this belt, 
and especially along its western border, the variations are less well 
defined and on a smaller scale, the thin, hard layers being bo numerous 
and BO generally distributed that in the streams like the Haw and Deep 
riveis, which cross the larger portions of these belts nearly at a right 
angle, there is almost a continuous senes of small rapids or shoals with 
an aggregate fall of from 5 to 20 feet to the mile. 

THE " N4F1R0WS " SECTION ON THE ¥*DKIN. 

Where the Yadkin river crosses the lai^er of these belts of slates and 
schists there is a greater concentration of the hard and soft material, 
and consequently a greater concentration of fall in the river at certain 
points, than is described above as occurring on Haw and Deep rivers; 
yet on the whole this Tadkin river section, illustrated with approximate 
accuracy in fig. 10, may be considered as fairly typical for sections of 
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country where these belts of rock e^dst The space between 1 and 2 
in the diagram represents the " narrows " section, a distance of nearly 
5 miles. The rock is eruptive in character, though an obscurely bedded 
conglomerate at the upper (N.W.) side. It is all hard, but not uni- 
formiv so, being harder and more obdurate at certain places, arranged 
at intervals, producing the narrows rapids at the upper end (just below 
1) and the " little falls " and " big fails " near the lower end (just above 
2). The total fall from 1 to 2 is nearly 100 feet. 

Below the narrows (between 2 and S.E. in fig. 10) the rock is mainly 
an argillaceous slate of fairly uniform character and easily eroded by 
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water action; and the existence of this softer material beside the belt 
of hard, obdurate rock which itself is not uniform, but has harder and 
softer belts, affords just the conditions favorable for the development 
of rapids and cascades in the stream that crosses both belts. As might 
be expected, these harder rocks (b in fig. 10) cross the country in a high, 
irregular ridge, while the surface of the region to the southeast, occupied 
by the slaty and sandstone rocks, is less hilly and less elevated. The 
Yadkin crosses the harder ridge as a rushing torrent in a deep, narrow 
gorge — the " Narrows " — ^but as soon as it reaches the softer slaty rock 
(at 2 in fig. 10) the current slackens, the stream widens and flows on 
for several miles as a smooth and relatively sluggish current. 

For several miles up-stream from the Narrows the rocks are mainly 
clay slates having a southwest-northeast course, and dipping steeply 
toward the northwest; and so the sheets or beds of rock stand on edge 
and lean down-stream (S.E.). These rock beds are for the most part 
fairly soft and more easily washed away than other more massive and 
more durable layers which occur at irregular intervals, and conse- 
quently below these more massive sheets of rock are the shoals and 
rapids as indicated in figs. 9 and 10 above and as described further on 
(pp. 17S-187). 

IN GRANITIC AND GNEI88IC AREAS. 

In granitic and gneissic rock, the materials not being arranged in 
<lcfinite strata or layers, the exact conditions which cause the produc- 
tion of cascades and rapids in streams are lees apparent than in the slaty 
and schistose rocks just described. The accompanying sketch (fig. 11) 
illustrates p. few of the conditions favorable to the development of water- 
powers in a region where these rocks prevail, as in portions of central 
and western North Carolina. 

1. One often finds in such regions breaks, such as faults or joints 
in the rock, the material on one side of the break being somewhat 
crushed or sheared and hence easily removed. Of course the streams of 
w^ater in crossing the section of country where these breaks or faults 
occur, and especially where the crushed or sheared side of the break 
is the lower side on a sloping surface, remove this lower side more rap- 
idly than the upper and thus form a cascade from the higher to the 
lower level as seen at 1 in fig. 11. It is in that way that some of the 
beautiful falls of the southern Appalachian mountain region have been 
produced. Other cascades and shoals are developed under the follow- 
ing conditions: 

•2. Ill portions of the granitic area there are lines of structural weak- 
ness where, under great strain or pressure, the materials of which the 
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rock is composed give way and are flattened out by a process known 
as shearing, so as to give there a rather gneissic or schistose structure, 
as at 2 in fig. 11. The rock in this condition is often more rapidly 
attacked by the weathering and eroding forces of the atmosphere, and, 
consequently, as the streams cross the surface of the country where such 
conditions exist, they carve out their channels more rapidly, thus pro- 
ducing shoals or rapids, and, in extreme cases, cascades or falls. 

3. Conditions somewhat similar to the above and favorable to the forma- 
tion of shoals and rapids in streams are sonfetimes found along the line 
of contact between areas of gi-anites and gneisses, as at 3 in fig. 11; 
and again in gneissic areas in places the rocks are harder and more 
obdurate, as indicated by heavier shading at 4 in fig. 11; and in the 
beds of streams crossing such areas the rocks wear away irregularly, the 
harder portions standing up as projections while the intervening softer 
materials are hollowed out. In this way we have produced a succes- 




Fio. 11. — Conditions favoring the development of cascades and rapids in river chan- 
nels crossing areas of granitic and gneissic rock. 

(f/r=: Granite. l=Faultor break in the rock, the right side having moved down or the 
left side moved up. 2= A schistose zone in the granite resulting from the shearing 
or movement of the rock along a line of weakness. (7;i=Gneiss, in which there are 
alternately harder and softer portions, the harder and more obdurate places being more 
heavily shaded (as at 4). 5=Dike of diabase or other material harder and more obdu- 
rate than the gneiss, and hence producing a cascade or rapid in the stream channel. 



sion of shoals, a few hundred yards or several miles apart; and between 
these are to be found the quiet reaches of the streams where the cur- 
rent moves along more smoothly and quietly. 

4. Another structural feature in granitic and gneissic areas, and also 
in slaty and sandstone areas, which occasionally results in the produc- 
tion of the shoals and rapids, is the occurrence of dikes, where cracks 
in the earth's crust have been subsequently filled with various materials 
in a plastic and usually a molten condition and which materials have 
subsequently hardened. If the material of the dike is softer than that 
of the granite or gneissic rock on one or both sides of it, then there will 
be a drop in the course of the stream from the adjoining rock of the 
wall down on to the softer dike surface, as is shown at 2 in fig. 11. If 
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on the other hand the material constituting the dike is harder and more 
durable than the materials on each side of it, the country rock on the 
lower side of the dike, on account of its being softer and less durable 
than that composing the dike itself, will wear away more rapidly than 
the material of the dike, and consequently the water will drop from the 
dike surface on the country rock below it, as indicated at 6 in fig. 11 
above. The occurrence of the belt of eruptiye rocks between the two 
belts of slate, as shown in fig. 10 (p. 71), may be considered as analogous 
to this last-mentioned case. On Deep river near Gulf (p. 162) and on 
New Hope creek, a tributary of Haw river, are to be found illustrations 
of the development of waterpower being favored by the occurrence of 
diabase dikes in the Jura-trias sandstone crossing the channel of the 



AT GEOLOGIC CONTACTS. THE FALL LISE, 

The conditions described above apply more specifically to variations 
in the character of the rock within the limits o£ individual geologic 
formations, but the descriptions are applicable also to conditions exist- 
ing where the stream crosses from one formation to another, the rocks 
of which are softer and less obdurate, and hence more easily washed 
away. Such a case as the last mentioned is to be found well developed 
at the fall line along the border between the Piedmont plateau and 
coastal plain regions. 
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THE WELDON SECTION ON THE H0*NOKE. 

Figure 12 may be considered as illustrating fairly well a generalized 
section across the fall line wliere crossed by the Roanoke river at Wel- 
don. The crvstalline schists exposed along the river bed between 
Gaston and "W'cldon (G and W of fig. 12) are much harder and more 
obdurate than the unconsolidated coastal plain deposits below, and even 
harder than the granitic and gneissic rocks above it; and hence the 
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latter rocks have been eroded to greater depths, and at the line of junc- 
tion between the two (1 in fig. 12) the schists form a sort of barrier or 
natural dam, for many miles above which the river is deep and the 
current sluggish. But from this point down to Weldon the schists 
vary in hardness, and are intersected by joints, seams, fissures and proV 
ably several faults; this succession of variations giving rise to a succes- 
sion of rapids and shoals, with an aggregate fall of 85 feet in a distance 
of 9 miles. For this distance the river flows through a deep and open 
gorge flanked by hills which, near Gaston and a short distance westward, 
are capped with unconsolidated gravels, presumably of Potomac age, 
and bordered by terraces of more recent age, probably post-tertiary 
(Columbia). In the neighborhood of Weldon and eastward the rocky 
hills give places to the terraces and plains of the coastal region, com- 
posed of gravels, sand, loams and clays, varying in age from Potomac 
at the bottom to Columbia at the top. 

During recent geologic times the condition of this region has been 
unstable. During certain periods, as at the present time, the surface 
of the country has been lifted to a considerable elevation above sea-level 
and the river has gone on carving deeper its rocky channel; whHe during 
intervening periods the surface was lowered imtil the sea advanced to 
and even above Weldon, and the river gorge would then be filled with 
gravels and sands and loams brought down from the Piedmont plateau, 
distributed and deposited in the great tidal estuary, to be wholly or 
partially washed out of the channel at each successive elevation. The 
tongue of coastal plain deposit, shown as P in fig. 12, is an unremoved 
remnant of probably recent filling, the bottom of the river at this point 
being now too near tide level to permit of further removal of this 
material from the submerged eastward sloping surface of the old crys- 
talline schists. There are also many reasons for believing that another 
of the results of the unstable condition of this region has been the 
decided eastward tilting of the irregularly eroded surface of these 
old crystalline rocks upon which the coastal plain loams and gravels 
were subsequently deposited. 

GEOLOGIC CONDITIONS FAVORING WATERPOWER DEVELOPMENT AT THE FALL LINE. 

(1). The eastward tilting of the surface of these older crystalline 
rocks, and (2) the partial removal of the loose and easily eroded loams 
and gravels from the channel on the eastern slope of these rocks, have 
given this resulting descent in the river surface at the fall line, which, 
in the Roanoke at Weldon, aggregates 85 feet in 9 miles. (3) The 
variation in the character of the rock, being harder and more obdurate 
at certain points, and softer, more jointed, more crushed, and hence 
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more easily eroded in the intervening areas, results in concentrating 
this fall of the stream at certain places; and (4) the existence of terraces 
along the river banks facilitates the construction of canals which still 
further concentrate the fall of the water. These are the more important 
geologic conditions that favor the development of important wat€^ 
powers on the Eoanoke at the fall line in the Weldon region. 

Other striking cases illustrating the conditions favoring waterpower 
development on streams crossing geological contacts will be found men- 
tioned on pp. 116 and 132 of this report. 

GEOLOGIC CONDITIONS AFFECTING THE FLOW OF STREAMS. 

The yearly discharge of a stream depends primarily on the amount 
of rainfall in the region from which the stream draws its supply, but 
in a measure this volume, and especially the uniformity of flow, are 
largely influenced by the slope of the surface, the depth and porosity of 
the soil, and the character of the underlying rock. In connection with 
this study of the geologic conditions influencing the possibilities of 
waterpower development, it should be noted that the occurrence of 
lakes, swamps or marshes and poorly-drained level areas, deep and 
porous soils, such as the sandy and gravelly soils from 10 to 100 feet 
deep, which occur in the larger part of the Piedmont plateau and 
mountain regions of the Carolinas, the great sand hills of the coastal 
plain region, and the porous sands and gravels of the glaciated regions 
of the Xorthem states, all facilitate the uniformity of the flow of the 
streams in these several regions; and in some regions the jointed, fis- 
sured and crushed condition of the underlying rock exerts a favorable 
influence in the same direction. (See also pp. 138-140; 192.) 

DISTBIBXJTION OF WATEKFOWEB IN NOBTH CABOLINA. 

The two conditions essential to the development of a waterpower of 
any considerable magnitude are a large and fairly constant stream of 
water and a suitable amount of fall within a reasonable distance. In 
tlie eastern counties of North Carolina we have numerous large streams 
of water, but, except along the western border of the region, as a rule 
ihcy have sluggish currents and are lacking in the necessary fall. In 
the mountain counties the streams are small, but the fall available in 
many cases is sufficiently great to make possible waterpowers of consid- 
erable magnitude. It is in the midland counties, however, that we 
find the most satisfactory combination of the two essential conditions, 
viz. volume of water and fall; and hence it is in these counties that we 
may expect the largest wateq)ower developments and the greatest and 
most substantia] development of manufacturing enterprises. 
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In the following chapters of this report will be found descriptions of 
the several rivers occurring in North Carolina and the more important 
waterpowers on each, both those already developed and those still unim- 
proved. It is intended in the present chapter to discuss briefly the dis- 
tribution of these waterpowers in their relation to the geologic features, 
and the accompanying map (fig. 13, p. 78), together with the illus- 
trations and descriptions found in pages 68 to 76, will prove of service 
in this connection. The larger map (Plate I, frontispiece) will also be 
of service in showing the general distribution of waterpower in the state. 

WATBRPOWER IN THE COASTAL PLAIN REGION. 

Along the western border of the coastal plain region there are a num- 
ber of important waterpowers, like those at Weldon on the Roanoke, 
Rocky Mount on the Tar, and those on the Cape Fear as far east as 
Averasboro. These, though they lie within the limits of this region, 
yet structurally do not belong to it, and can best be considered under 
the next heading below, in which will be discussed the waterpowers 
which belong rather to the border zone between the coastal plain and 
the Piedmont plateau regions, and which can perhaps be best desig- 
nated as the fall-line zone. 

With the exception of the waterpowers just referred to, it may be 
said of the coastal plain r^on, as a whole, that its waterpowers are of 
no great importance. The water supply is ample but the fall is lack- 
ing. And yet there exist at many different points in this region con- 
ditions which are favorable to the development of waterpowers which, 
though small, have considerable local value. Until a comparatively 
recent date, practically all of the grist-mills in this section were oper- 
ated by small waterpowers, and a considerable number of these grist- 
mills are still in operation. But such waterpowers were confined to the 
smaller streams, and in many cases the development of power consisted 
simply in the construction of a dam across the deep, narrow channel of 
the stream without the existence of a natural shoal, and the amount of 
fall was simply the height of the dam. 

One not uncommon type of waterpower developed in this region is 
llustrated by fig. 8 (p. 69). In many cases, however, the harder 
md more obdurate strata which caused the fall in the water to be con- 
?entrated at one or more points, instead of being composed of compact 
and finely laminated beds of clay,* as shown in the illustration just 
referred to, are composed either of more massive beds of clay or of beds 
)f sand, the particles of which are cemented together by clay or iron or 
30th. 
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The most striking feature about the waterpowers developed on the 
majority of these smaller streams is the slight extent to which the vol- 
ume of water is affected either by the rains or the dry seasons. The 
most widely known illustrations of this condition are Rockfish creek in 
Cumberland county, and Hitchcocks creek in Richmond coimty, both of 
which are described somewhat fully further on in this report (pp. 138 
and 190), and the explanation there suggested of this phenomenon is 
undoubtedly the correct one, that the deep, porous sands of the region 
serve as a sponge in soaking up the rains as they fall, turning loose this 
water gradually during the dry season through the numerous springs in 
the region. 

In the case of many other of the small powers in this region, as that 
on Colly creek in Bladen county (described on page 138) and others in 
the different eastern counties, the uniformity of the flow throughout 
the year is favored by the further condition that the tributaries of these 
streams pass through extensive swamp areas which also serve to store 
the water during wet weather. 

WATBBPOWEB IN THE FALL-LINE ZONE. 

Reference has already been made (p. 74) to the existence along what 
is called the " fall line " of conditions favorable for the development 
of waterpowers of considerable magnitude on our larger streams. It 
has also been suggested (p. 21) that since the exact position of this fall 
line is not clearly defined, and as the conditions favoring waterpower 
development extend across a considerable belt or zone where this line 
is crossed by the larger streams, it is better in this connection to consider 
together these conditions as they exist at and for a few miles on both 
sides of this boundary line between the coastal plain and the Piedmont 
plateau regions. 

ON THE ROANOKE RIVER, 

The conditions favoring waterpower development on the Roanoke 
river in this zone, which at this point has a width of about 9 miles, 
extending up the river from Weldon, have been described and illus- 
trated briefly above (p. 74). Waterpower developments now in pro- 
gress there are described in the next chapter (pp. 94-9J5J. 

ON THE TAR RIVER. 

On the Tar river there is but one large waterpower, that at Rocky 
Mount, which may be considered as being at the eastern margin of this 
zone and some 20 miles eastward of the western border of the coastal 
plain region. As described on page 115, the Tar rises nearly 100 
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miles to the northwest of this point and crosses successively several 
granitic, schistose and slaty belts of rock, but owing to the slight eleva- 
tion of this upper part of its basin above that of the coastal plain, the 
long period during which the rocks of this upper basin have been 
undergoing surface decay, and the long period during which this stream, 
with no great volume of water, has been slowly carving out its channel, 
its freedom at the present time from conditions favorable to water- 
power is easily understood. At Louisburg there is a fall of several feet 
owing to a change in the character of the granitic rocks. Thence south- 
eastward, for a distance of more than 15 miles, it crosses the granitic 
area with the conditions of rock so uniform as to yield no cascades 
or shoals of importance. It then enters the coastal plain region and 
continues for another 15 miles in a southeasterly course across the up- 
turned edges of the crystalline schists, from the surface of which, in the 
channel of the stream, the (younger) loose loams and gravels have been 
carried away. In this distance there are two small shoals which have 
been developed for grist-mills, but the rocks are too soft and the channel 
already eroded too deeply and uniformly to leave at individual points 
any large amount of fall. The river then turns northeastward, and for 
a distance of some miles follows the course of these crystalline schists 
instead of cutting across them. Just at Rocky Mount it turns east- 
ward and crosses a ledge of hard granitic rock, on the eastern slopes of 
which there is a natural fall of about 15 feet in the course of 100 yards. 
It is on the top of this granitic ledge that the dam has been built which 
serves for the full development of this waterpower for operating the 
Rocky Mount cotton-mill. 

ON THE NEUSE RIVER. 

On the Neuse river, as on the Tar, there is rather a remarkable 
absence of conditions favorable to the development of large water- 
powers. Of the two powers described in the succeeding pages of this 
report (pp. 121-124), both lie within the granite area, one to the north 
and the other to the east of Raleigh, and are due to local changes in 
the character of the granitic rock. At ordinary low water the slaty 
rocks are exposed in the river bed at Smithfield some 30 miles south- 
east of Raleigh, and the river has a slight descent at this point but not 
sufficient to be favorable for waterpower developments. 

ON THE CAPE FEAR RIVER. 

The fall-line zone on the Cape Fear river may be said to begin where 
this river is formed by the junction of the Deep and Haw rivers, and 
to extend from that point to a short distance below Smileys falls, near 
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Averasboro. In this distance of about 35 miles there is a succession 
of shoals beginning just above with Buckhom falls, 9 miles below the 
junction of the two rivers, where there is a fall of 20 feet in a dis- 
tance of one and one-half miles, while the lowest of the prominent 
shoals, " Smileys falls," 30 miles below the junction, has a fall of 27 
feet in a distance of three and one-half miles. The total fall from the 
junction of the two rivers to just below Smileys falls is about 100 feet. 
Within 17 miles below Smileys falls, by river, there are at least three 
different shoals, the last of which is only 8 miles above Fayetteville; 
but none of them are of any importance, and they need hardly be con- 
bidered in this connection, for the reason that in this distance the river 
runs in a nearly southwesterly course, parallel to the fall line. All of 
the more important of these shoals are described briefly in a succeeding 
chapter (pp. 132 to 137). 

The outlying gravels of the coastal plain deposits are to be found 
on the hills two miles to the west of the junction of the Haw and Deep 
rivers, so that all the shoals just mentioned lie within this region, and 
the sands and loams and gravels characteristic of the border deposits are 
exposed here and there in the river bluffs, though in the river channel 
these have been removed and the waters rush along over the upturned 
and irregularly eroded edges of granites and crystalline schists. Within 
a few miles above the junction of the Haw and Deep rivers both of 
these streams pass from the slates of the Piedmont plateau region to 
and across a narrow strip of Jura-trias sandstone, which latter is made 
up of materials far more easily eroded than the slates, and as might be 
expected there are shoals on both streams at this junction. The rivers 
join \vdthin this sandstone area, and for a few miles below the junction 
tlie Cape Fear is a sluggish stream. 

ON THE YADKIN-PEE DEE RIVER. 

On the Yadkin-Pee Dee river a condition of things exists somewhat 

dniilar to that on the Cape Fear just mentioned. The course of the 

Y'adkin river as it crosses the slates, for some 16 miles above its junc- 

ion ^vith the Uharie, has been already briefly described (p. 71); and 

the numerous shoals on the river throughout its entire length are de- 

icribed in a following chapter (p. 172). Below its junction with the 

LTharie the river flows for a distance of some 20 miles in a southerlv 

^ourse obliquely across and in places paralleling the upturned edges 

-){ the argillaceous slates. In this distance there are only two prom- 

nent shoals, but neither of great importance as compared with those at 

he narrows above. Tliese are Swift Island shoal, 42 to 44^ miles above 

he state line, which has a fall of IS feet in 2^ miles; and Gunsmith 
• G 



82 GEOLOGIC DISTRIBUTION OF WATERPOWER. 

shoal, 13 miles further up the river, with a fall of 9^ feet in half a 
mile. Further down, the river flows easterly as a somewhat sluggish 
stj'eam across a few miles of red sandstone rooks, similar to those crossed 
by the Cape Fear at the junction of its two tributary streams. It then 
enters the coastal plain region, near where it is joined by Little rivei 
and follows a southerly course to Cheraw, 35 miles below. Through- 
out this distance there is a si\,ccession of shoals due to the fact that the 
river crosses the upturned and irregularly eroded edges of alternate 
beds of slaty and granitic rocks. The two most important of these shoals 
are Bluitts " falls," 12 miles above the state line, with a fall of 9 feet 
in a distance of 1000 feet, and Grassy Island shoal, 13 to 17^ miles above 
the state line, with a fall of 36 feet at a distance of 4^ miles. 

The river crosses the lower limit of the fall-line zone a little above 
Cheraw. The shoals in the river at that point and for some distance 
above are not large, but they are sufficient to mark the passage of the 
river from its characteristics in the Piedmont plateau region to its 
typical coastal plain condition, that of a sluggish stream. 

W^ATERPOWER IN THE SLATE BELTS. 

The origin and nature of the shoals and rapids favorable for the devel- 
opment of waterpower in slaty and schistose areas have already been 
briefly described above (p. 70). The general distribution of these slate 
belts in JTorth Carolina is shown on the accompanying small map 
(p. 78). The possibility of waterpower development on the Haw^, Deep 
and Yadkin, as thev cross the central and most extensive of these slate 
belts in Alamance, Kandolph, Davidson, Stanly and Montgomery coun- 
ties, is greater than on any other portion of these rivers. 

ON THE HAW AND DEEP RIVERS. 

Both the Haw and Deep rivers rise in the granitic and gneissic area, 
the former to the northwest and the latter to the southwest of Greeiif^- 
boro, and are sufficiently large in vohmie to be available for small 
powers by the time they reach the Avestem border of the slate belt. 
Throughout their course of about 50 miles across it each river is a suc- 
ceri>ion of shoals or rapids, many of which have already been developed, 
while a number of others are capable of being developed on a consid- 
erable scale. The slates and schists of this region have a general north- 
easterly course, and, as a rule, dip steeply toward the northwest, so that 
these streams with a southeasterlv course have cut their beds directlv 
across the upturned edges of the slates, which vary in hardness and 
obduracy from point to point, the harder sheets projecting upward as 
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ledges, and the intervening softer sheets being washed out as depressions, 
which thus give rise to the shoals and rapids, elsewhere described in this 
report (pp. 146 and 159), 

Deep river in the neighborhood of Carbonton leaves the slates and 
enters the red sandstone basin, and for a considerable distance flows in 
this latter material as a deep, sluggish stream. At one or two places^ 
however, extensive trap dikes lie across the bed of the stream and have 
resulted in the development of small waterpowers. About one mile 
above Lockville the river leaves the sandstones and crosses a narrow 
neck of slates and again passing from this slate to the sandstone to the 
eastward a considerable fall is produced, and an excellent power has 
been developed at Lockville (p. 159). 

ON THE YADKIN RIVER. 

The Yadkin river strikes the slate belt some 12 or 15 miles below the 
Southern railroad crossing near Salisbury, and for a distance of 20 
miles below this point the geologic conditions in this slate have resulted 
in a succession of shoals and rapids which promise to be of great value 
in connection with the development of manufacturing enterprises. These 
conditions have been described briefly above (p. 71) and the extent 
and character of the shoals are described at considerable length further 
on in this report (pp. 176 to 184). From the mouth of the Uharie to the 
mouth of Kocky river, a distance of some 15 miles, the river follows a 
general southerly course, crossing the slates so obliquely, and in the 
region where the character of the slates is so nearly uniform, that but 
few shoals are produced and these of no great magnitude as compared 
with those above the Uharie. 

On another small stream, the south fork of the Catawba, which 
crosses the slate areas in Lincoln and Gaston coimties, the influence of 
the slaty structure in the development of waterpowers is shown in a 
marked degree. On this small stream from Lincolnton to where it 
joins the Catawba river at tlie state line, a distance of something more 
than 25 miles, there is a succession of shoals not unlike those existing 
on the Haw and Deep rivei*s as described above. On not less than a 
half-dozen of these shoals cotton-mills have been built and arc being 
operated. 

WATERPOWER IN THE GRANITIC AND GNEISSIO AREAS. 

The larger granitic and gneissic areas occupy the region from the 
western border of the slate belt just mentioned westward to the foot of 
the Blue Ridge, the typical Piedmont plateau section of the state. 
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ON THE DAN, MAYO AND SMITH RIVERS. 

In the northern portion of this area we find a condition of things 
extending from the southern boundary of Stokes county to the northern 
boundary of Rockingham county, which illustrates in a rather striking 
way the influence of geologic structure in the production of wate^ 
power. Within the limits mentioned the Dan river flows through a 
narrow Jura-triassic area composed of sandstones and shales, and owing 
to the fact that this material is much more easily eroded, the surface 
of the country occupied by it has been reduced to a level from one to 
two hundred feet below the contiguous areas of gneissic rock. The 
main tributary of the Dan river rises in Patrick county, Virginia, and 
flows in a general southeasterly course across the elevated and hilK 
surface of Stokes county, and across the strike of the gneissic rock which 
enters most largely into the geologic formation of the region. Near 
the southeast comer of Stokes county it enters the sandstone depression 
mentioned above, and takes a northeasterly course. In crossing the 
county the waters of this stream descend several hundred feet and the 
changes in the character of the rocks along its course have resulted in 
concentrating this fall at a number of points. Two or more of these 
fihoals occur in the gneissic area near the border of the sandstone de 
pression mentioned above, where the river makes its final descent from 
the elevated area of harder rocks into this basin. A similar condition 
of things exists on the Mayo and Smith rivers in Kockingham county, 
which, like the upper part of the Dan river, rise in Virginia, flow across 
the plateau of harder gneissic rocks iu a southeasterly course and join 
Dan river in Kockingham county as it flows along this sandstone depres- 
sion. The waterpowers developed on these two streams at Mayodan 
and Spray (pp. Ill and 100) have their origin in the sudden descent of 
these streams from the more elevated surface of the harder rocks into 
the sandstone basin at these points. 

ON THE SOUTH FORK OF CATAWBA AND LINVILLE RIVERS. 

Two other streams occurring in this general region may be mentioned 
here as of special interest though, like those just mentioned, not typical 
of conditions developed in gneissic and granitic areas. One of these, 
tlie south fork of the Catawba, which from Lincolnton to the mouth 
of the river crosses mainly rocks of a slaty and schistose character anil 
nearly at right angles to their strike, has been briefly described alreadv 
(p. 83). 

The other, the Linvillc river, rises on the northwest slope of the 
Grandfather mountain and for a distance of more than ten mile? flow^ 
in a southerly course just west of the crest of the Blue Ridge, which it 
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crosses on the boundary line between Caldwell and Mitchell counties, 
and from this point for more than 15 miles it flows southward as a suc- 
cession of falls, cascades and rapids, cutting its way through the Lin- 
ville quartzites, which cap the Blue Eidge in this region, into the under- 
lying typical gneisses. In this distance of 15 miles the descent of the 
river averages nearly 100 feet to the mile. The Linville joins the 
Catawba river in the gneissic area some 10 miles west of Morganton 
(p. 220). 

ON THE YADKIN AND CATAWBA RIVERS. 

The conditions favoring the development of waterpowers in granitic 
and gneissic areas have been described briefly above (p. 72), and the 
cascades and shoals and rapids on the Yadkin and Catawba, as well 
as on the tributaries of the Broad, will generally be found to have their 
origin in local changes in the character of die rock, in one or another 
of the ways there suggested. All of the conditions there described are 
to be found illustrated at intervals in this region. 

As will be seen from the maps and descriptions given in a subsequent 
chapter, the shoals on the upper Yadkin, which lie within the area now 
under consideration, are less numerous than those on the same stream 
in its course across the belt of slate and schist already described. And 
inasmuch as the changes in the character of the rock in the region of 
the upper Yadkin are for the most part not radical, the amount of the 
fall at each of the shoals is less great than in the slate belt. This fact, 
together with the diminishing volume of water as we ascend the stream, 
render the powers on the upper portions of this stream less important. 

The Catawba river, which, like the Yadkin, rises along the crest 
and eastern slope of the Blue Kidge, flows nearly a hundred miles in a 
northeasterlv course and then turns southward. Its course in North 
Carolina lies entirely within the gneissic and granitic area. From Mor- 
ganton eastward for a distance of nearly 40 miles the river either 
parallels the general strike of the rocks or crosses it obliquely. The 
changes in the character of these rocks are not numerous, and the num- 
ber of shoals correspondingly small, though several of them are of 
considerable magnitude. The river then runs in a southeasterly and 
southerly direction for a distance of but little more than 25 miles; but 
in this distance it crosses the course or strike of the rocks at right 
angles. The changes in the character of the rocks are numerous, the 
rocks even being schistose and slaty in places, and the stream is literally 
a succession of shoals, the aggregate fall being not less than 175 feet. 
At a point some 10 miles south of Statesville, as will be seen on the 
small map Cp. 78), the river reaches the typical granite belt of this 
region and flows thence southward for a distance of approximately 40 
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miles, where it crosses the state Kne into South Carolina. In this part 
of its course the rocks of the region are again more nearly uniform, 
and though there are several shoals of importance, as those at Cowans 
ford. Mountain Island, and Tuckaseegee, yet the number of these shoals 
in proportion to the distance is much smaller than in the 25-inile section 
next above. 

ON THE TRIBUTARIES OF BROAD RIVER. 

Among the tributaries of the Broad in Cleveland and Rutherford 
coimties, the streams descend rapidly from the South mountains along 
the upper border of these counties down to the general plain of the 
Piedmont plateau, flowing in a southerly and southeasterly direction 
nearly at right angles to the general strike of the rock, and in this way 
encountering the greatest number of changes in the character of these 
rocks, which results in conditions most favorable for the development 
of waterpower. Hence it is that we have in this region a large number 
of valuable waterpowers, some half dozen of which are already operat- 
ing cotton-mills, while others are soon to be utilized in the same way. 

CONDITIONS IN THE SLATY AND GNEISSIO ABEAS OOMPARITD. 

In any study of the streams and waterpowers of the Piedmont plateau 
region it should be borne in mind that while the slaty belts present more 
favorable conditions for developing waterpowers, as shown in the case 
of the Yadkin (p. 71) and the other streams which cross the several 
belts, owing to the fact that in these belts the sheets of rock stand more 
on edge and vary more in hardness and durability, yet the streams 
which draw their supplies from the granitic and gneissic areas are more 
uniform in their flow for the reason that while the rainfall in the dif- 
ferent belts is approximately the same, the soils in the granitic and 
gneissic areas are deeper and more porous and serve more as a sponge for 
storing up the surplus water of rainy seasons than does the more shallow 
and compact clayey soils resulting from the decay of the slates. This 
is one of the principal causes why the flow is less uniform in the case 
of the Haw and Deep rivers (pp. 144: and 157), which lie largely in the 
slaty belt, than in the case of the Yadkin and Catawba (pp. 172 and 203) 
which lie almost wholly in the granitic and gneissic areas. 

WATERPOWER IN TUE MOUNTAIN REGION. 

A glance at the accompanying small geologic map (p. 78) will show 
that the larger part of this region is oceii])ied by gneissic rocks. These 
have for the most part a characteristic northeast and southwest strike, 
and the irregular sheets of rock dip beneath the surface at varying but 
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generally steep angles. The southern half of the region has along ita 
western border an irregular belt of bedded slate, limestones, quartzites 
and conglomerates; and these rocks, which make up the bulk of the Great 
Smoky mountains, have a general northeasterly strike and dip at steep 
and varying angles. Near the eastern border of the region there is 
another but more narrow and irregular belt of rock of a somewhat 
similar character, following approximately the general position of the 
Blue Ridge mountains. 

The general physiographic features of the region are briefly described 
on a preceding page (p. 25), but it may be restated here that the rivers 
of this region have their sources mainly along the western slope of the 
Blue Ridge, and that with the exception of New river, near the northern 
boundary, they flow in a general northwesterly direction across the 
upturned edges of both the gneissic and the more recent bedded rocks. 
The elevation of the country is so great and the descent of the streams 
so rapid that the general courses of the principal rivers have been but 
little modified by geologic structure, though their courses lie directly 
across the strike of the rock; and the resulting conditions are such as 
to produce along the streams occasional rapids and cascades. Especially 
would this be the case in the western counties, where the Pigeon, the 
Tuckaseegee, the Little Tennessee and the Hiwassee break through the 
Great Smoky mountains, and in doing so cross a variety of limestone, 
quartzite and conglomerate beds which go to make up the geologic for- 
mation of that area, but for the fact that during the long period of time 
that these streams have occupied their present channels, owing to the 
rapidity of their flow and the large quantities of abrading materials, 
such as sand, gravel and bowlders, carried down in their currents, the 
variations in the obduracy of the rocks crossing these stream beds seldom 
result in cascades of large proportions, for the reason that the would-be 
projecting ledges of rock across the stream bed are kept down near the 
general level by these eroding agencies. 

A number of the smaller tributarv streams flow in either a south- 
westerly or a northeasterly direction along the line of the strike of the 
rocks and thus develop the conditions favorable for waterpowers, mainly 
where thev varv their courses and cross from rock of one character to 
one of a different character. In the extreme northern portion of the 
region the tributaries of New river rise both on the western slopes of 
the Blue Ridge and the eastern slopes of the Iron mountains, and flow 
in a general northeasterly or northerly direction, sometimes following 
the line of the strike, and sometimes crossing the latter at sharp angles. 
Along New river and its tributaries are a number of shoals which can be 
developed into valuable waterpowers, occumng mainly at points where 
the streams cross the strike of the gneissic rock of the region. 
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In connection with the development of these waterpowers, the river 
gorges are so narrow and the streams so rapid that while the construc- 
tion of large dams is a matter attended with no insurmountable diffi- 
culties, yet it is often difficult to find suitable space for buildings, and 
it has been found more advisable in a number of cases to construct small 
dams and to convey the water from theee in open ditches or flumes 
along the banks of the stream to suitable points where the power may 
be utilized. The chief difficulty which is met in storing water on these 
streams is that the ponds or storage reservoirs become rapidly filled with 
sand, gravel and bowlders brought down in time of flood. Probably the 
future development of these powers will be largely by electrical trans- 
mission, which is described more fully in a succeeding chapter (p. 337). 
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CHAPTER V. 

THE KOAXOKE KIVEK AND TRIBUTARIES. 

THE BOANOKE BIVEB. 

This river is formed by the confluence of the Dan and Staunton 
rivers, in Mecklenburg county, Virginia. Thence flowing southeast it 
enters Korth Carolina in Warren county, and forms the dividing line 
between Halifax and Martin counties on its right, and Northampton 
and Bertie on its left, emptying into Albemarle sound just* above Ply- 
mouth. The total length of the river is about 125 miles in a straight 
line, and probably nearly twice as far by the river. The principal 
towns on the stream are: Clarksville, Virginia (at the junction of the Dan 
with the Staimton), Weldon, Halifax, Hamilton, Williamston, and Ply- 
mouth, North Carolina. The stream is navigable at low-water to Wel- 
don (some 120 miles), or can be made so for boats drawing 2 or 3 feet, 
and to Hamilton (60 miles) for boats drawing 10 feet. Boats of greater 
draught cannot come through the sound. It is considered possible to 
get a low-water navigation of 5 feet to Weldon,* the principal obstacles 
to navigation being snags, stumps and sand-bars. By a system of locks 
and dams this river, with the Dan, was long ago made navigable to 
Danville, more than twice as far from the mouth as Weldon, but these 
old canal-works have been long in disuse. Although Weldon is now 
the head of navigation, yet there are still long reaches on the Roanoke 
and on the Dan, both above and below Danville, which are boatable. 

The total area drained by the Roanoke river comprises about 9200 
square miles, of which the Dan drains 3798, the Staunton 3646, and 
the Roanoke below the junction 1856. There are no large tributaries 
of the Roanoke below the confluence of the Dan and Staunton. 

The drainage basin of the Roanoke proper is divided into two nearly 
equal parts by the fall line, which crosses the river between Weldon and 
Ga^ton. That part of the watershed below Weldon is low and flat, 

* From the orff^inal report of (i«m). V. Swain, published in the rei)ort8 of the Tenth Census, 
with data revised and brought down to «late, by J. A. Holmes. 
« Annual Report. Chief of Knjurineers, 1872, p. 728: 1879, p. 624. 
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and partakes of the general characteristics of the eastern division. 
Above Weldon the country is more broken and the river has more fall, 
having cut its bed down to the underlying metamorphic rocks. The 
drainage basin is long and narrow, varying in width from 10 to 30 miles, 
and along the river are many fine bottoms, among which are some of 
the best farming lands in the vicinity. The bottoms widen out as we 
descend the river, and the flood-plain spreads out in places to a width 
of several miles, and finally is represented by the broad lowlands and 
cypress swamps of the eastern division. Alternating with the bottoms 
are bluffs, especially on the south side of the river. The proportion of 
the drainage basin covered with forests we have not been able to asce^ 
tain. The soil is clay and loam, with sand in the lower part of the 
basin, and the productions are tobacco, cotton, com, wheat, fruits, and 
vegetables. 

Below Weldon the country is quite heavily timbered, and large 
quantities of timber and shingles are shipped. It is said that between 
15,000,000 and 20,000,000 shingles are made and shipped annually 
from this region. Above Weldon fine building stone is found in many 
places, and in Granville, Warren, Edgecombe, and Wilson counties, 
Xorth Carolina, a fine quality of granite is occasionally quarried. Near 
Gaston there is a deposit of specular iron-ore, which has been very little 
worked. The basin is thinly settled above Weldon. The Raleigh and 
Gaston railroad, after leaving the river at Gaston, recedes rapidly 
from it, and after^^ard comes nowhere within 8 or 10 miles of it; 
while on the north the river is crossed by the Atlantic and Danville 
and Southern railways near Clarksville, and will probably be crossed 
between Clarksville and Gaston by a new line of railway recently pro- 
jected from Ridgeway to Petersburg. 

The average rainfall on the watershed of the Eoanoke above the 
fall line is probably 40 or 42 inches, varying from 38 or 39 on the 
upper part of the Staunton to 44 inches at Gaston. Of this amount 
10 or 11 inches fall in spring, about 10 inches in summer, and nearly 
the same in autumn and winter. Being so uniformly distributed, the 
flow of the stream may be expected to be very variable, especially as in 
all probability the evaporation is quite large; and, in fact, the gen- 
eral testimony is that the flow of the stream is subject to large variation?. 

The freshets on the river are very violent, and the fluctuations often 
occur very rapidly. At Weldon an ordinary freshet gives a rise ol 
12 or 15 feet; but generally twice in the year, in the spring and in the 
fall, there is a larger freshet, the water rising 25 to 30 feet. In 1S65 
the river rose 50 feet at that point, and 30 feet at Hamilton. For 60 
or TO miles liclow Wfklon the rise is from 10 to 30 feet, but it gradually 
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diminishes as the mouth of the river is approached, and for the last 
15 or 20 miles of its course it is from 1 to 3 feet/ These floods occur 
so rapidly that the river rises sometimes over 10 feet in a day at Wel- 
don/ and where there are no dikes it occasionally overflows the banks 
and inundates large areas of the adjoining lands. Daily measurements 
of the height of the river surface have been made and recorded at 
C'larksville and Xeals for several vears, and occasional measurements 
of the flow have been made at both these places. A record of these 
will be found in Part IV (pp. 287 and 292) of this report. 

There are no lakes or artificial reservoirs anywhere in the drainage 
basin, neither are there facilities for storage on the Roanoke proper; 
but on the upper Dan and Staunton rcocrvoirs might doubtless be con- 
structed at many points. 

The bed of the stream is generally sand below Weldon, with one or 
two ledges, and the banks are alluvial, not very low as a rule, and in 
many places lined with overhanging trees; while above Weldon the bed 
is generally composed of solid rock, sometimes of gravel and sometimes 
of sand or clay, the banks being alternately high and sometimes bluffy, 
and low and alluvial. Above the falls at Weldon, which extend for 
a distance of 10 miles above that place, the river is wide, full of rocks 
and islands in many places, and diiBcult to navigate in low water, with 
large areas of bottom-land subject to overflow in freshets, although the 
rise is smaller than at Weldon. Large areas of these lowlands below 
Weldon were diked before the Civil War to prevent flooding of the 
cultivated areas, and in places these dikes are being kept up at the 
]>resent time. High dams across the river, except between Gaston and 
Weldon, would, in general, be accompanied by the overflowing of large 
areas. 

The following table will give some idea of the fall of the stream: 



Table of Declivity— Roanoke river. 



PLACE. 



Mouth 

Weldon 

Head of falls. 
ClarksvlUe . . . 



Distance 
from mouth. 



Miles. 


120 
129 
185 



Ulevation 
above tide. 
(Approxi- 
mate.) 



Feet. 





44 

128 

269 



Disitance be- 
tween points. 



Miles. 

. 120 

9 

56 



Fall between 
points. 



44 

H 
141 



Fall between 
points. 



Feet. j Feet per mile, 



0.36 

9.3 

2.52 



In the twenty-second report of the board of public works of Virginia 
is a report on a survey of the Roanoke, by J. J. Couty. It is there 



» Annual Report of the Chief of KnjrineerH, 1872, \\ 726. 

« Annual Report of the Chief of Enj^ineers 1876, Appendix G, 9. 



94 THE BOANOKE EIVER AND TBIBUTABIES. 

Stated that the fall from Rock Landing, in North Carolina, to the coix— 
fluence of the Dan and Staunton, in Virginia, is 156.66 feet, the distune 
being 59.9 miles. The same report states that the width of the rive 
is considerable, being even three-fourths of a mile in places, but on th 
average about 400 yards, and that the bed is mostly of solid rock, anc3 
remarkably favorable for dams. 

The waterpoivers on the stream will now be described. 

WATERPOWER ON THE ROANOKE NEAR WELDON. 

The first power on the river as it is ascended is that at Weldon, !Xorth 
Carolina, where the stream crosses the fall line. The fall here is about 
84 feet in a distance of 9 miles above the town, the river within this 
distance being very rocky and rapid, the channel very tortuous, and the 
bed of the river interspersed with rocks and islands, most of which are 
submerged at high water. Some of the larger islands are cultivated. 
The bed of the river is almost solid rock, and the banks generally abrupt^, 
especially on the upper part, for several miles below the head of the 
falls, where they are 40 or 50 feet high, of hard granitic rock, and oftjen. 
extending almost perpendicularly to the water's edge. Waterpowei* 
development has been in progress here for several years by the two com— 
panics mentioned below. The accompanying map (Plate II) shows 
the relative location of these developments and its contour lines — ^witL 
a 20-foot inter\'al between them — indicate the general topography of 
the region. 

EoANOKE Navigation and Waterpower Company's Canai^ — Som( 
fifty years ago the Roanoke Navigation Company extended navigatioi 
around these falls by constructing a canal on the south side of th( 
river between Weldon and Rock Landing, 9 miles above. This canal 
was 30 feet wide at the top and 3 feet deep, dimensions sufficiently larger 
for the boats then in use on the river. As a navigation enterprise this 
was probably never a great financial success, and with the building oi 
railroads to Petersburg and Norfolk, the upper river navigation d< 
clined steadilv until it was finallv discontinued, and the works wei 
allowed to fall into disuse, the canal being kept open only sufficiently t< 
supply water necessary to run one or more small mills. The General 
Assemblv of 1874-75 authorized the dissolution of the old Roanoke-^ 
Navigation Company and ordered the sale of the property which wa^ 
subsequently purchased by the Roanoke Navigation and Waterpower 
Company. This company subse<iuently cleaned out and repaired th^ 
canal *and has begun its development as a source of waterpower. 

The canal was originally substantially built, and crosses several small 
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creeks by means of stone aqueducts, all of which, as well as some of 
the locks, which were also of stone, are in good condition, although the 
gates. of the latter are gone; and toward the upper end of the canal 
there are extensive masonry walls in places on the river side, rendered 
necessary by the abruptness of the banks, all of which are in good con- 
dition. At the upper end of the canal there was a guard-lock, and prob- 
ably a dam, but the gates of the lock are gone, and the dam now there 
consists only of a few stones piled up roughly. The river at this place 
is said to be very favorable for the construction of a dam which might 
extend entirelv across the channel. 

Nearly four miles below the head of the canal is a flight of four 
locks with a total lift of 36 feet. The total fall at these locks now 
available for power is 31 feet. The land in the vicinity is favorable 
for building. See " combined locks " (Plate II). 

At the lower end of the canal a fall of 48 feet between the level of 
the canal and the river was overcome when the canal was used for pur- 
poses of navigation by a flight of 6 locks with 8 feet lift each.* These 
locks have since been abandoned and removed. At the lower end of 
the canal the company has erected a corn-mill having a daily capacity 
of 2000 bushels with a grain elevator of 50,000 bushels capacity 
attached, and a cotton-seed oil mill* with a capacity of 35 tons per day 
of 24 hours; the two mills using about 250 horsepower, the total 
available low-water fall for power at this point being 45 feet. The 
Oompany has recently added a cotton-gin and a baling plant for the 
lie'w cylindrical bale. 

These mills discharge the water directly to the river, and are situated 
fVom 100 to 200 yards above the old locks. They can run full capacity 
JftU the year, except occasionally, for a few days at a time, when their 
X^tiniiing is interfered with by high water. There is practically no 
"trouble whatever from ice. 

The recent development which was completed a few years ago, con- 
sists of the enlargement of the prism of the original canal to the fol- 
loTving dimensions, to wit: ^' Twenty-three feet at bottom, thirty-five feet 
at normal surface of water, and four feet deep; the construction 
head-gates, with the necessary masonry, the raising and repairing of 
'^'^aste-ways and waste-gates, the construction of a waste-weir and gates 
■fc-t the foot of the basin in Wei don, the raising and repairs of the 
^^^asonry of Chockeotte creek aqueduct, and the raising and strength- 
of the banks of the canal throughout its length. 



■ Report of Roanoke Navi^tion Company in one of the reports of the board of public works 
VinrlnUu 
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" The canal, with the foregoing dimensions, with smooth surfaces, 
and with a bottom grade of one foot per mile, as it has been constructed, 
has a capacity to carry 15,560 cubic feet of water per minute. 

" It is constructed in two reaches or levels, the first or upper one 
extending from the head-gates to the combined locks, a distance of about 
three and a quarter miles, securing a fall of thirty-one feet at said locks. 
The second level extends from said locks to the terminus of the canal 
at Weldon, a distance of about five and one-eighth miles, where a fall 
of forty-five feet can be secured when the water in the river is at low- 
water stage." * 

The total drainage area of the Roanoke above Gaston, or the head 
of the falls, is about 8200 square miles, and the rainfall over this area 
is about 40 or 42 inches, distributed tolerably evenly throughout the 
year. Records of only recent gaugings of the river are to be had. 
W. C. Kerr measured the flow at Haskins' Ferry, over 50 miles above 
Weldon, in the fall, and found it to be 2950 cubic feet per second, the 
drainage area above this point being about 7350 square miles, but the 
stage of the river is not stated. Swain has estimated the flow of the 
river at Gaston to be as follows:* 

Cubic feet per second 

M inimum flow* 1,600 

Minimum average for low-8ea«on flow 1,700 

Averagre for the low-season flow of average dry years — 1,950 

The corresponding power may be tabulated as follows: 



Flow, cubic feet per second. 



1,500 
1,700 
1,950 



Horsepower available, gross. 



170 
193 
221 



1 foot fall. 33 feet fall. 84 feet fall 



5,610 
6.369 
7.293 



14,280 
16.212 
18.564 



The second column of this table will also indicate the power that 
might be expected to be developed at the locks were the canal above 
this point suiBciently enlarged to allow the entire river, at low water, 
to flow through it to this point. This large power, only partially 
utilized, is available, although it would be very expensive to utilize the 
whole of it. 



* Rejwrt of Byron Holly, t-ivil aiifi hydraulic en«riiH?er to the Roanoke Navi«rat ion and Wat^r- 
])Ower To.. 18W, published in th** Pnmprctun of that company. 

» For later measurements of the flow of this i iver. see pp. 292-294. ""See pp. .'j4-i>H. 
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The powers given in the above tables could be rendered available 
without much difficulty, but it must be remembered that all the power 
calculated thus far is the gross horsepower, and that the amount to 
be practically utilized would be less, varying according to the motor 
employed. With good turbine-wheels the net power will be about three- 
quarters or eight-tenths of the gross power. 

The power at Weldon is one of the largest in the state of Xorth Caro- 
lina, and the principal cause of its not being utilized to a greater extent 
until recently is probably the lack of capital. The facilities for trans- 
port are excellent, both by land and by water, for the river can be 
made navigable up to the town, and it is quite a railroad center. Four 
railroads terminate in the town, viz. the Petersburg Railroad, the Sea- 
board and Roanoke Railroad, the Wilmington and Weldon Railroad, 
and the Raleigh and Gaston Railroad, thus bringing AVeldon within 
less than 2 hours of Petersburg, less thaji 3 hours of Richmond, Raleigh 
and Xorfolk, 5 hours of Wilmington, 8 hours from Washington, and 
12 hours from New York. 

Good building-stone and timber can be obtained in abundance in the 
neighborhood, and a good deal of cotton is raised in the vicinity. The 
iron deposits near Gaston have only been worked to a very small extent, 
although the ore is said to be of good quality. The advantages for the 
utilization of the power are in fact excellent in all respects, and that 
there are no serious drawbacks is proved conclusively by the successful 
operation of other manufacturing plants in this region. This magnifi- 
cent power is worthy of a careful examination by capitalists. 

Roanoke Rapids Canal. — The development work of this company 
also lies on the south side of the Roanoke river, between Weldon and 
Gaston, beginning 1^ to 2 miles below the upper end of The Roanoke 
Navigation and Waterpower Company's canal and terminating nearly 
2 miles below in the great bend of the river, where the factories are 
located. As shown by the accompanying map (Plate II, p. 94), the 
upper one mile of the canal lies between the right bank of the river 
and a chain of islands which are connected by dams made of wood and 
stone. The longer of these connecting dams has a length of 1465 feet 
and a height of from 4 to 7 feet, and the dam (Plate III) connecting 
the lower end of the lowest island with the outer end of the bulk- 
head is 685 feet long and about 11 feet high, built of log frame with 
rock filling and planked above. Along the surface of these islands dikes 
are thrown up to prevent the overflow of water from the canal into the 
river. 

The bulkhead (Plate III) is of stone, 150 feet long, 24 feet high, 
at its outer or northern end, and 15 feet thick, and is penetrated by 13 
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gates for the admission of the water into the lower part of the canal. 
This lower part of the canal is three-quarters of a mile long from the 
bulkhead to its lower end, 90 feet wide at top, 60 feet wide at bottom, 
10 feet deep, and when the canal contains its normal supply of water 
its cross-section below water surface is 7500 square feet. The fall at 
the lower end of the canal during ordinary seasons is said to he '21 
feet. In dry seasons the fall is 30 feet, and the capacity of the canal 
is then said to be GlOO horsepower. Only a small part of this power 
is being utilized at the present time, but two substantial factories have 
been constructed and are now in operation. 

The knitting mill of the United Industrial Company, located imme- 
diately against the side of the canal, contains 2310 spindles, 5 sets 
of cards, 30 knitting machines and 75 sewing machines. Its power is 
developed by 2 Leffel 40-inch turbine-wheels on a horizontal shaft, 
supplied with water by an iron penstock direct from the canal, and 
capable of developing, it is claimed, with the dry season head of 30 
feet, about 800 horsepower. Of this, however, only about 150 horse 
power is being used. 

The cotton-mill of the Roanoke Mill Company, located about 100 
yards east of the above and at a slightly greater distance from the 
canal, has a capacity of 18,000 spindles and 550 looms, though it 
has now in operation only 12,096 spindles and 320 looms, and it is 
* using only about 400 horsepower, though its two McCormick 36-incii 
turbines, on a horizontal shaft, with a normal waterhead of 28 feet, are 
said to develop 640 horsepower. The water is supplied to the<e 
wheels by an iron penstock 9 feet in diameter and 480 feet long. A 
smaller single turbine, said to be capable of developing 125 horse- 
power, supplies power for the electric lights, fire pump, etc. As will 
be seen from the above statement, there is here ample power for addi- 
tional manufacturing establishments, and until it is fully utilized there 
need be no fear of a scarcitv of water durin«: drv seasons, and there 
will be but little trouble from high water except during the larger 
freshets. 

Above Gaston the river widens, and there are no other powers at all 
comparable with the one just described, although there are some shnal> 
which might advantageously be utilized, alternating with long boa table 
stretches of smooth water. In regard to these shoals, however, we were 
only able to obtain a few scattered notes, and on account of their 
inaccessibilitv were nnalile to visit anv of them. 

Four miles above Rock Landing, the head of the Weldon canal, is a 
shoal, around which the Navigation Company constructed a canal 400 
yards long, with a lock at the lower end h«iving a lift of 9 feet. 
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Two miles further up there is a second mill, and above that are 
several others, tabulated in the table of utilized power. The available 
fall, however, we are unable to state. The only other place on the river 
where the Navigation Company found it necessary to construct a canal 
was at Pugh's falls, where there was one lock with 5^ feet lift,' but we 
are unable to say just where this place is located. We are also unable 
to give any information regarding the present condition of these canals, 
but the probability is that they are in very bad order. 

The principal reason why these shoals have not been used more 
extensively is probably the fact that the river is wide, so that the dams 
necessary are long and expensive and subject to injury by the freshets. 
Of necessity, therefore, mills have usually been located on smaller 
streams. 

Finally, it may not be out of place to say a few words regarding the 
causes of the low flow of the Roanoke (estimated), as compared ^vith 
that of streams in New England. These causes are probably the fol- 
lowing: (1) The rainfall on the drainage basin is not greater, and 
probably rather less, than on the basins of New England streams; (2) 
it is, on the whole, tolerably uniformly distributed throughout the year, 
but on some parts of the Dan and Staunton rather more falls in winter 
than in summer; hence, as the evaporation is very large, the streams 
^vill be very low in summer, when the evaporation is greatest and the 
rainfall least; (3) there are no lakes to regulate the flow. 

THE BOANOKE TBTBITTABIES— I>Alt BIVEB. 

In regard to the smaller tributary streams of the Roanoke in North 
Carolina very little is to be said. None of them are of any importance, 
and possess no large waterpowers, so far as we could learn. The only 
power used on them is for running small grist- and saw-mills, the grist- 
mills generally with one, two, or three run of stones. We visited none 
of these streams, and the tables of the power utilized on them, com- 
piled from the reports of the enumerators, will show that they are not 
of much consequence. For small powers they can be economically 
utilized — more economically than the Roanoke itself — because they have 
more fall, because the cost of a permanent dam is less, and because the 
mills are not troubled with hiijh water, as those on the Roanoke are; 
but their flow is, of course, much more variable than that of the 
Roanoke. 

The Dan river, one of the main forks of the Roanoke, rises in Pat- 
rick county, Virginia, near Buffalo Knob, in the Blue Ridge. It flows 

' Report of Roanoke Nu\ iKiition rompuny in one of the reports of the Virjrinia Ijoanl of 
public works. 
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first in a southeasterly direction, enters North Carolina, flows through 
Stokes and Rockingham counties, and, pursuing a general easterly 
course, enters Virginia in Pittsylvania, returns to North Carolina in 
Caswell, and finally enters Virginia again in Halifax, to unite with the 
Staunton in the adjoining county of Mecklenburg, forming the Roanoke. 
The length of the stream, measured in a straight line nearly east and 
west, is about 100 miles, and by the course of the river about 180 miles. 
The principal towns on the river are Danbury, ^ladison, and Leaksville, 
North Carolina (all small towns of several hundred inhabitants); Dan- 
ville, Virginia, with a population of over 15,000; Milton, North Caro- 
lina, and South Boston, Virginia, with five or six hundred inhabitants 
each. 

As has already been stated, the river was many years ago made navi- 
gable by the Roanoke Navigation Company as far as Danville, and for 
50 or 60 miles above that place (as far as Sauratown) for bateaux carry- 
ing 12,000 pounds, and at times bateaux have reached Hairstons falls, 
12 miles below Danbury. Boats propelled by poles now ply irregu- 
larly between Danville and various other points on the river. 

The river and harbor act of June 18, 1878, provided for a survey of 
the river from Clarksville, Virginia, to Danbury, North Carolina, and 
the reports on this survey by Mr. S. T. Abort, United States civil engi- 
neer, are to be found in the reports of the Chief of Engineers, 1879, 
p. 652, and 1880, p. 794. These reports give detailed information 
regarding the river, and have been used freely in the present report. 
By the river and harbor act of June 14, 1880, the sum of $10,000 was 
appropriated for the improvement of the river between Madison, North 
Carolina, and Danville, Virginia, " the object being to afford a channel 
for steam navigation not less than 35 feet wide, and not less than 1^ 
feet deep in the pools and 2 feet deep in the rapids at extreme low 
water," the estimated cost of the work being $52,000. 

The total area drained by the Dan is 3798 square miles. The table 
on page 106 gives the drainage areas above the principal waterpowers. 

The principal tributaries to the river are, from the north, going up 
tlie river, Bannister river, Birch creek, Sandy river, Smiths river, and 
^Jlayo river; from the south, going up, Hyco river. County-line creek, 
!Moons creek, Hogans creek, and Town fork. These will be referred 



to agam. 



The drainage area of the Dan lies in the Piedmont division of North 
Carolina and Virginia, the sources of the river being on the eastern 
slope of the Blue Jiidge. Its general character does not differ, as a 
whole, from that of the middle division, which has been described on a 
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previous page. Its shape and dimensions may be seen by referring to 
the accompanying map. Geologically, it lies in the area of metamor- 
phic rocks. Granite is found at various points; also sandstone, lime- 
stone, and slate, and fine building-stone is to be had In abundance. The 
valley contains coal and iron deposits, extensive beds of iron-ore, which 
have been worked to some extent for more than half a century, occurring 
near Danbury, North Carolina. The coal-fields embrace an area of over 
30 square miles, and have been developed only to a very small extent. 
Some of the coal has been found of inferior quality, but doubtless as 
other openings are made coal will be found which is available for manu- 
facturing purposes. 

The watershed separating the valley of the Dan from those of the 
Yadkin and Cape Fear is a " long and broad ridge or swell of land, 
which trends due east," with an elevation of 800 feet and upward. The 
bed of the river is generallv 200 or 300, and sometimes 400, feet below 
the adjacent ridges, and its\ributaries have, therefore, very considerable 
fall, some of them affording very fine waterpower. 

The principal products of the valley are tobacco, com, wheat, rye, 
oats, potatoes, and fruits. There is very little, if any, cotton grown in 
the valley. " Between Danburj' and Leaksville the land appears to be 
best adapted to tobacco culture, and a fine grade is produced, although 
there are some short stretches of very good bottom-land. Further down, 
the valley widens, and broad bottoms are found cultivated in com and 
wheat." The country is hilly and undulating, and in the extreme west 
mountainous. The forests above Danville are extensive and valuable. 

There are no lakes in the basin, but much of the region is forest- 
covered, and artificial storage-reservoirs could probably be located at 
many points. 

The bed of the river is solid rock, overlaid between the rapids with 
sand and gravel. The facilities for dams are excellent. Above Dan- 
ville the banks are generally moderately high, and sometimes abrupt and 
bluffy, and the bottoms narrow, and not often overflowed. Below Dan- 
ville the banks are lower, the bottoms wider, and oftener overflowed, 
and bluffs more rare. There are no regular ravines of any extent, a 
bluff on one side of the river being generally faced by shelving or low 
ground on the other. 

The river is subject to heavy floods, the river rising and falling very 
rapidly. At Madison, in 1850, it rose 28.4 feet; and at Danville, in 
1873, 17 feet above ordinar\^ low water. Below Danville the floods rise 
still higher. Thus, in Noveml)er, 1877, the river rose to heights of 
30.21 feet above low water at ]\rilton; 33.54 feet at Oliver's mill, 28 
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miles below Danville; and 23.7 feet at Clarksville. Such rises are, 
however, very rare. There is seldom any trouble with ice, and ice 
jams occur very seldom, although the river is sometimes frozen over. 
'^^ Notwithstanding the height of the floods, the banks are seldom 
washed, their permanency being secured by a fringe of willow-growth, 
which borders the low grounds." 

The average annual rainfall on the valley of the Dan is about 43 
inches, distributed approximately as follows: spring, 11; summer, 12; 
autumn, 10; winter, 10. In the upper parts of the valley the rainfall 
is as follows: spring, 12; summer, 14; autumn, 10; winter, 14 inches. 
The following table will show the declivity of the stream: 



Table of Declivity— Dan kivbr. 



PLACE. 



Olarksville 

Danville, Southern railroad orossing.^p 

Hadiaon bridge 

Hairatons ford 

Danbury ford 



Distance 

from 
mouth. 


Elevation 

above 

tide. 


Miles. 


Feet. 


0.00 


269 


64.27 


890 


114.37 


647 


129.81 


699 


142.76 


696 



Distance 

between 

points. 

Miles. 
[ 64.27 



50.10 
14.94 
18.45 



\ 



Fall 

between 

pointa. 

Feet. 
121 

167 
52 
95 



Fall 

between 

points. 

Feet per 
mile. 

l.«8 

3.13 

3.49 

7.28 



Having no long-continued records of gaugings of the Dan river, 
Swain has estimated the flow. The following estimates are for the 
mouth of the stream : 



Table op Estimated Flow and Power or the Dan river at Mouth.* 



state of flow. 



(See pages 54 to 59.) 

Minimum 

Minimum low season 

CiOw season, dry years 



Drainage 
area. 



S^ir. miles. 



3,798 



Flow per 
second. 



Horsepower 

available, 

gross. 



, Cubic feet. 

700 
810 

950 



Per foot fall. 

80 

92 

108 



The Dan river for a long time was not very accessible above Danville. 
Below that point the Richmond and Danville railroad is within 4 miles 
of the stream for about 50 miles, after which it lonvos the river nearlv 
at riprht angles. The Atlantic and Danville railroad also runs within 

* The elevations on the Richmond & Danville rSouthern^ railroad were furnished by T. M. H. 
Talcott, then general manager, who had special measurements made of the height of the track 
above the water- surface. 

2 For measurements of the tlow of Dan river see pp. 2H><. 2Hi». 
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a few miles of the river all the way from Danville to Clarksville. Above 
Danville the river is for about 30 miles within 6 miles of the railroad, 
but above that it was quite inaccessible. Thus the part of the stream 
which was easily accessible was between the mouth of the Bannister 
river and the town of Leaksville. The building of the Cape Fear and 
Vadkin Valley railroad to Madison, the Roanoke and Southern rail- 
road from Winston to Roanoke, and the Leaksville Narrow Gauge rail- 
road now render that part of the river above Danville as accessible as 
that below, and this is doing a great deal to develop the resources of the 
region. ' 

WATERPOWER ON DAN RIVER IN NORTH CAROLINA. 

It has already been stated that the average fall of the Dan between 
Clarksville and the Richmond and Danville railroad bridge is 1.88 
feet per mile. This fall is, however, not evenly distributed over the 
whole distance, but is mainly concentrated at a few localities, thus 
affording opportunities for developing large waterpowers. The only 
one of these in Xorth Carolina, however, is that at ililton. 

Concerning the Milton shoal, it may be said that the fall is mod- 
erate in the upper 4100 feet, but for the remainder of the length very 
rapid, and the river is full of islands and rocks. Below the shoal the river 
is only 120 feet wide for a distance of three-quarters of a mile. The fall 
in the river from the head of Dodsons shoals to the mouth of County- 
line creek at Milton is 7i feet in a distance of 1^ miles. The condi- 
tions for building a dam on Dodsons shoals are said to be good, and a 
six-foot dam would give a fall of 13^ feet. The conditions for locating 
and constructing a canal between the two points are said to be exceed- 
ingly favorable, and the conditions for locating factory buildings at 
ililton are said to be equally satisfactory'. Two lines of railroad (the 
Atlantic and Danville and the Southern) at Milton give excellent trans- 
portation facilities. 

The next shoal of importance is the Danville shoal, just below the 
Richmond and Danville railroad bridge, and nothing more than a con- 
tinuation, with a less rapid fall, of Danville falls. The bottom is wholly 
rock. 

In regard to the amount of power which can be utilized on the river 
between Danville and Clarksville, an opinion could only be formed by 
a personal examination. From what has been said, it is clear that 
there would be no difficulty in building dams almost anywhere, so far 
as the bed of the stream is concerned, and the banks are much more 
favorable than on the Roanoke; but whether much of the fall is avail- 
able for power, at rea."=oiiable cost, we cannot say. Tn the table are given 
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estimates of the power at only a few points. The powers given for the 
separate shoals are for the natural fall in the river at each shoal, and 
may, of course, be increased if that fall is increased by a dam. 

Proceeding up the river, various shoals are encountered, all of which 
are mentioned in the following table. As before, the power has been 
calculated only for the principal ones. AVe are imable to describe in 
detail any of these shoals, not having visited any of them in person. 
It is evident, however, that the facilities for power are good, as far as 
bed and banks are concerned, both from Mr. Abert's report and from 
what additional information we could gather. The width of the stream 
between Danville and Madison varies from 190 to 430 feet, averaging 
perhaps 250 feet. At Hairstons ford, above Madison, it is 160, and 
at Danbury 120 feet. The power of the river at the time of this 
enquiry was utilized between Danville and Danbury at only two points, 
viz. at Eagle falls and at Hairstons falls, and there only by small grist- 
and saw-mills, using a very small amount of power. The mill at Hair- 
stons falls was supplied by a dam at the head of the falls, extending in 
the form of a V across the stream, with the apex up stream, and con- 
structed of logs. It was built in 1879, at a cost of about $125, and is 
about 150 yards (?) long and 3^ feet high, backing the water about 
half a mile. A race about 2000 feet long leads to the mill, located on 
the right bank, where a fall of 9 feet was used with a primitive wheel 
to drive the grist- and saw-mill, some 20 horsepower (net) being util- 
ized, and in dry weather no water flov^nng over the dam. The bed of 
the river is solid rock. 

A power just above Danburv^ was fonnerly used to a small extent 
by the iron works at that place. The dam was 10 feet high, and the 
water carried to the works through a tunnel about 100 yards long, cut- 
ting through a spur of the hills around which the river bends, and 
affording at the lower end of the canal a fall of 21 feet. The fall used 
by the works was about 16 feet, and the distance from the head of the 
canal to the foot of the tail-race about half a mile bv the river. A verv 
small proportion of the dry-weather flow of the stream was utilized. 
The works have not been in operation since 1865, and the dam has been 
entirely washed away. It is said that a dam 18 feet high could be built 
at this place, in which case the available fall, at the lower end of the 
canal, would be 29 feet. 

Above Danbury the Dan is a small stream, but has a great deal of 
power, on account of its rapid fall. AVe can foi-m no estimate of its 
available power, but it is safe to say that sites for small mills can be 
found at numerous points all the way up. The utilized power is tabu- 
lated below. 
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The results in the tables below must only be considered as very rough 
approximations, but we believe the powers given to be rather too small 
than too great When it is remembered that the rainfall records for 
the region considered are very incomplete indeed, so that its distribution 
through the year is very uncertain, and that there are no long-continued 
gaugings of the river in existence, the engineer will be incUned to put 
little reliance on the figures given, and we must be distinctly understood 
as not claiming for them any more value than they are worth. A more 
accurate knowledge of the climatic and other features of the region 
considered would doubtless lead us to alter our estimates. And finally, 
it is to be remarked that these figures refer to the power available with 
the natural fall of the stream and with its natural flow. If the water 
could be stored during the night, all these powers could be doubled, 
and the power at many shoals could doubtless be considerably increased 
by putting up dams. 

It has not been considered worth while to calculate the theo- 
retical available power between the principal shoals, as it is uncertain 
how much of it would be practically available. It is evident that the 
Dan river offers a large amount of available power and good facilities 
for manufacturing. The estimates of power, made by Swain, are as 
follows: (See next page.) 
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TRIBUTARIES OF THE DAN RIVER. 
HYCO CREEK. 

The first tributary of any importance above the confluence of the 
Dan and Staunton is Hyco creek, which enters from the south, its 
mouth being just above the head of Little Hyco falls. This stream 
rises in the extreme southern part of Caswell and Person counties, 
Korth Carolina, and flows in a northeasterly direction through Halifax 
county, Virginia, having a total length, in a straight line, of about 45 
miles, and draining an area of about 400 square miles. It is about 125 
feet wide near its mouth. Its tributaries are small and unimportant, 
and there are no important towns on the streain. We were unable to 
learn much about its power. The bed and banks are said to be every- 
where favorable, the former being generally rock. The only power 
used on the stream is for small grist- and saw-mills, none of which are 
extensive. No sites not used were brought to our notice, but probably 
numerous ones may be obtained by damming. As the stream flows par- 
allel to the general strike of the rock strata, it is probable that the 
declivity is quite uniform and not often broken by falls or rapids. In 
another table will be found the total amount of power utilized, com- 
piled from the enumerator's reports. 

COUNTY-LINE CREEK. 

The next tributary worth mentioning is County-line creek, from the 
south, rising in Caswell county, North Carolina, and joining the Dan 
just on the state line (hence the name of the stream), after flowing in 
a northeasterly direction for a distance of about 25 miles in a straight 
line and draining an area of some 130 square miles. This stream, like 
the others in this neighborhood, is used only for nmning small saw- 
and grist-mills. The fall is considerable, but no great falls at any one 
place were spoken of, and probably do not exist, as the stream flows 
nearly parallel to the strike of the rocks. The declivity is probably 
quite uniform, and the powers obtained only by damming. "We heard 
of no good sites unoccupied. Near the mouth of the stream is a grist 
and roller (flour) mill, with a dam 13 feet high, giving a fall of 11 feet. 
Opposite Yanceyville the stream is considerably smaller, and will only 
afford about 2 or 2^ horse-power per foot fall (gross) during eight 
months of the year. The waterpower of the stream is thus not very 
extensive. 

MOONS AND HOGANS CREEKS. 

The other tributaries below Danville — Moons creek, emptying just 
above Wilkinsons shoal, and draining about 57 square miles, and 
Hogans creek, emptying at l")ix shoal, and draining about 114 square 
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miles — are similar in character to Hyco and County-line creeks, and are 
utilized, like them, only to nm small country grist- and saw-mills, the 
former with one or two run of stones. In a later table will be found 
the statement of the power used on these streams collectively, and more 
need not be said here. 

The mills in this neighborhood are very little troubled bv ice, and 
rarely have to stop on that account. The dams are generally of wood 
or of crib-work filled with stone, and there is no trouble in obtaining 
good foundations. 

SMITHS RIVER. 

Passing by several small creeks, one of the two important tribut^aries 
of the Dan is Smiths river, from the north, a very considerable stream. 
Rising in the Blue Ridge, in the northern part of Patrick county, Vir- 
ginia, it flows first nearly east, and, after forming for a few miles the 
boundary between Patrick and Franklin counties, it enters Henry 
county, flows through it in a southeasterly direction, and empties into 
the Dan, in North Carolina, just below the town of Leaksville. The 
distance from its source to its mouth, in a straight line, is about 36 
miles, but by the river it is probably at least twice that distance. The 
stream flows near to Martinsville, the county seat of Henry county, 
it and Leaksville being the only towns of importance on the river. The 
total drainage area of the stream is about 600 square miles, of which 
3t) are in Xorth Carolina. The drainage area above Martinsville is 
330 square miles. Not having examined the river in detail, on account 
of its inaccessibility, we are unable to describe its drainage basin very 
much in detail. From all that we could learn, however, it is well 
wooded, with a fertile soil which, in many places, is deep, sandy, and 
porous, and with facilities for artificial storage, although there are no 
lakes. The stream has a very rapid fall, a rock bottom almost every- 
where, banks of moderate height, and few low grounds subject to over- 
flow, although it is subject to freshets, during which the water rises 
20 feet in places. It is fed to a considerable extent by constant 
springs, and is said not to be very variable in flow; and the extensive 
forests are a favorable feature in this respect. 

The data regarding rainfall in the basin are very incomplete, but, 
according to the Smithsonian charts, it may be O'-sumed at about 44 to 
48 inches, of which 12 fall in spring, 12 in summer, 10 in autumn, and 
12 in winter. There are no records of continued gaugings of the stream, 
or of its elevation at different points. 

The stream is crossed at Spray, a few miles above its mouth, by the 
Leaksville and Danville ?s arrow Gauge railroad; Reidsville, on the 
Southern railroad, being 14 miles from the mouth of the river. The 
upper part of the river is crossed bv the Roanoke and Southern railroad. 
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One and one-half miles above the mouth of the river, and in the 
town of Spray, are located the Leaksville woolen-mill, the Leaksville 
cotton-mill, the mill of the Spray Mercantile company and the Spray 
cotton-mill. 

The Leaksville cotton-mill contains 400 looms, making colored cloths 
exclusively, and uses about 135 horsepower, developed by a turbine of 
32^ inches in diameter and working under a head of 23 feet, capable 
of developing 180 horsepower. The mill of the Spray Mercantile com- 
pany is a roller flour^mill of 50 barrels capacity per day and a corn- 
mill of two run of stones. The power is furnished by a turbine-wheel 
25 inches in diameter and working under a head of 19 feet, and an 
overshot wheel working under a head of 14 feet, the two together 
developing about 50 horsepower. The Spray cotton-mill, containing 
12,064 spindles, is driven by waterpower alone, using about 300 horse- 
power, developed by twin Leffel turbines of 36 inches diameter, on a 
horizontal shaft, and working under a head of 30 feet. The Leaks- 
viUe woolen-mill is a two-set mill, using about 50 horsepower, obtained 
from a 25-inch " Perfection " turbine, working under a head of 19 
feet. 

A new mill, containing 400 looms, has been recently constructed at 
this place, opposite the Spray mill, and is using a 30-foot head. 

These mills all draw their water from the same race, which is 16 
feet wide at top, 4i feet deep and 4200 feet long, with a bottom grade 
of 39 inches in this distance, and is estimated to be able to carry a 
quantity of water giving 600 horsepower with a head of 30 feet. The 
dam is 7 feet high and 600 feet long, of triangular wooden frames 
bolted to the bed of the river and planked over. The bulkhead is of 
solid rubble masonry, laid in cement, and is 12 feet wide and 13 feet 
high. 

This dam backs the water about one-quarter of a mile up-stream, to 
the foot of another shoal owned by the same company as the power just 
described. 

Plans are now being developed to build a dam on this upper shoal, 
where, it is claimed, a fall of 12 feet and 250 horsepower can be 
obtained. This power is to be transmitted, electrically, to Spray and 
used to run the Leaksville cotton- and woolen-mills and the com- and 
flour-mill; and all the water of the river in the canal will then be used 
at the Spray cotton-mill and the new weaving mill under the head of 
30 feet. 

The river has been gauged near its mouth by H. Eaton Coleman, 
ciril engineer, and county surveyor of Pittsylvania county, Virginia, 
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wbo found the dischflrge to be 600 cubic feet per second ** at mean low 
wat^^/' But as a single measurement of the flow has little value, 
fAiter rnrrasurements should be made before attempting to estimate the 
available flow for waterpower purposes. The estimates as to the power 
uiie^l at the several mills given above are taken from the statements by 
the hUfKrrintendents of the mills. 

The power above this point is used only by saw- and grist-mills, in 
regard to which we have no detailed information. Enough was learned, 
however, to show that the river oflF^rs good sites for power all the wai 
up. The river has no tributaries of much importance. 

The town of Ix^aksville has a considerable trade in tobacco, which 
i« the great staple of the county; but wheat and com are also grown in 
iOHHidfrable rjuantities on the fertile bottoms of the Dan, Smiths, and 
Mayo rivers. 

Above Sinitlis river are several unimportant tributaries to the Dan, 
on some of which are small mills. They are similar in character to 
the other tributaries below Smiths river. On Cascade creek, a small 
Htream entering from the north below Smiths river, Dr. J. G. Brod- 
neax has a small saw- and gristrmill, and a very good small power, 
with a fall of 15 or 16 feet. Timber is very cheap in this vicinity, 
and wooden dams can be erected at very small cost. 

THE MAYO RIVER. 

The next large tributary above Smiths river is Mayo river, from the 
north, a stream which, like Smiths river, takes its rise on the eastern 
8loi)C of the Blue Ridge, in the western part of Patrick county, Virginia, 
and which, after flowing in a general southeasterly direction through 
Patrick county and a comer of Henry county, Virginia, and Rocking- 
ham county. North Carolina, joins the Dan a little below Madison, and 
just alK)ve Robcrson's fish-trap shoal. Its length, in a straight line, 
is about 55 miles, and along the general course of the stream about 60 
miles, l)\it probably considerably more if all of its windings are fol- 
lowed. The only town on the stream is Taylorsville, the county seat 
of Patrick county. Its total drainage area is about 350 square miles, 
of which CO square miles are above Taylorsville, and its principal tribu- 
tary is the North ^layo, from the north, draining about 90 square miles. 
Its drainage basin is, in all respects, similar to that of Smiths river. 
The fall of the stream is considerable, but it is said to be more uniform 
than that of either the Dan or Smiths river, and with not so many 
ra])ids and falls. The bed is rock almost everywhere, the banks high, 
and not many low grounds s\il>jeet to overflow. In the absence of gaug- 
ings i)(^ ostimates as to the possible available water will be given. 
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The first power on the Mayo river met with in ascending the stream 
is located about 1^ miles above its mouth and about 2 miles from the 
town of Madison. There is here a shoal which, in 2^ miles, has a fall 
of 63.41 feet, divided about equally between what may be considered 
as two shoals. The lower of these shoals is the site of the Mayo mills, 
containing 23,000 mule spindle- and 51 revolving top cards, manu- 
facturing underwear and hosiery yarns, and using about 400 horse- 
power, obtained from water alone for the entire year, and there is said 
to be a large amount of surplus water. 

The dam, which is located some distance below the top of this lower 
shoal, is a timber crib structure with stone abutments 12 feet high and 
470 feet long, backing the water about one mile. The bulkhead is of 
brownstone, laid in cement, and is 150 feet long and 6 feet thick at the 
gates. The head race is 3200 feet long, with a cross-section of 190 
square feet below the water surface, built partly in excavation and 
partly in embankment, and gives a head of 35.32 feet at the mill. 
The water is delivered to a pair of 30-inch McCormick turbines on a 
horizontal shaft, said to be capable of developing 846 horsepower 
under a head of 36 feet. There is also a turbine of 20 inches diameter, 
working under the same head as the main wheels and developing 100 
horsepower, used for the lighting plant, fire pump, etc. There is said 
to be very little trouble from high water here. 

The upper part of this shoal (or upper shoal) can be developed by 
building a dam above the pond of the Mayo mill, and thus another 
valuable power will be rendered available for operating a separate mill 
or the power here developed may be transmitted, electrically, to the mill 
alreadv constructed. 

About 2 miles further up the stream is a flour-mill, and above there 
are other small ones. There is very little bottom-land on the river for 
some six miles from its mouth, and the fall in that distance is very 
considerable, ledges of rock crossing the stream all the way. Above 
this, however, the stream is flat for 15 or 20 miles, and the facilities 
for power are not so good. 

Above the Mayo there are several small creeks flowing into the Dan, 
some of which have power used, and all of which have considerable 
available. They are good streams for power, and, so far as we can 
learn, are not subject to such great variations in flow as those farther 
ea:?t. The powers they afford are small, but sufficient to run small 
grist- and saw-mills — sufficient for the needs of the people. Being 
easily dammed, and having considerable fall, they are preferred to the 
Dan river for small powers. The most important tributary above the 
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Mayo is Town fork, which joins the Dan just above Shoe-Buckle island 
shoal, but regarding it or the other tributaries above we have no detailed 
information. 

All of these tributary creeks, as well as the Dan river itself, are 
subject to sudden and quite heavy freshets, but they have so much fall 
that, in general, not much damage is done, although on the Dan, even 
above Danville, there are many bottoms which are overflowed at times. 
The freshets are, in general, short, lasting usually, it is said, only four 
or five days. 

"Finally, it may be said of all the valley of the Dan, and particularly 
of the upper part, that the climate is exceedingly salubrious (much 
more so than in the lower part of the valley of the Eoanoke river) the 
soil is fertile, and the people industrious and hospitable. The advan- 
ta.ffes for manufacturing are, in every respect, excellent. 
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CHAPTER VI. 

THE TAR AND KEUSE EIVERS AND TRIBUTARIES.* 

I 

THE TAB BIVBB. 

This river takes its rise in Person and Granville counties, North Caro- 
lina, flows in a southeasteriy direction through Franklin, Nash, Edge- 
eombe, and Pitt counties, and empties into the Pamlico river, in Beau- 
fort, near the town of Washington, its length, in a straight line, being 
about 120 miles, and by the river perhaps 175. The principal towns 
on the stream are Washington, Greenville, Tarboro, Rocky Mounts 
and Louisburg. Tarboro, 53 miles from Pamlico river, is the head 
of navigation, and it is hoped to secure ultimately a channel 3 feet in 
depth at all stages of the water up to this point, but at present this 
depth exists only during nine months of the year. The obstructions to 
navigation consist of stumps, snags, fallen trees, and artificial obstruc- 
tions placed there during the war. 

The river drains an area of about 3000 square miles, the greater part 
of which lies north of the stream, from which side the principal tribu- 
Aries — Swift and Fishing creeks — enter, draining, respectively, 350 
ind 760 square miles. The stream crosses the fall line at Rocky Mount, 
below which point there is no waterpower. The general character of 
the drainage basin resembles that of the Roanoke. The leading pro- 
ductions are tobacco, com, and cotton, most of the cotton being raised 
in the eastern part, and most of the tobacco in the western. There are 
QO lakes in the basin. The bed of the stream above the fall line is rock 
in places, but generally sand, clay, gravel or mud, the declivity of the 
stream being quite uniform. Above Rocky Mount the bottoms are 
narrower than on the Roanoke, and the banks are generally high enough 
to confine the river, except in very heavy freshets. Below Rocky 
Mount the banks are often overflowed, the river rising sometimes 25 
feet at Tarboro. 

The average annual rainfall on the basin of the Tar is about 50 
inches, but above the fall line it is less — about 46 or 48 inches, dis- 
ributed nearly as follows: spring, 12; summer, 14; autumn, 10; 
wrinter, 11. For gaugings on this river, see pages 294 to 297. 

» By G. F. Swain and J. A. Holmes. 
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The fall of the stream below Kooky !Moiint is said not to exceed 1 
or 1^ feet per mile, making the total fall below that point between 50 
and 75 feet. The elevation of the stream at the crossing of the Ealeigh 
and Gaston railroad is 188 feet, making the fall between that point 
and the head of the fall at Rocky Mount about 2 feet to the mile or 
less, the distance being in the neighborhood of 60 miles. 

WATERPOWER ON TAR RIVER. 

Ascending the stream the waterpowers met with are as follows: 
Rooky Mount Mills. — The first power met with is the site of the 
Rocky Mount mills, situated at the fall line in the town of Rocky 
Mount and on the Atlantic Coast Line railroad. The dam extends 
entirely across the stream in a slightly broken line, with an excellent 
rock foundation. It is built of granite, 600 feet long and averages 11 
feet high. The bed of the river is of solid rock and the banks mod- 
erately high, affording a safe development. The race is 191 feet long 
and the fall at the turbine-wheels is 24 feet. The mills are three in 
number, and contain 25,000 spindles, using, it is said, about 1000 
horsepower, developed during nine months of the year by water alone; 
during the other three months the auxiliary steam plant is called into 
service to supply the deficiency. It is said that this power is capable 
of still further development by raising the dam and by deep^iing the 
tail race. (See Plate IV.) 

The drainage area above this place is about 768 square miles, and the 
mean annual rainfall about 47 inches, already stated. Daily gaugings 
on the river at Tarboro have been made since July 25, 1896 (see p. 294), 
but these have not yet been continued over a long enough time to per- 
mit of waterpower estimates being made. The total available fall may 
be taken as 24 feet. 

Al)ove Eocky Mount the river is sluggish for some distance, after 
which the fall becomes considerably greater. On the upper part of the 
river there are only saw- and grist-mills, and there are no sites of im- 
portance not used, although on the upper part of the stream, and on 
its tributaries, there are many places where power could be obtained 
by damming. 

Between Eocky Mount and Louisburg there are two small grist-mills 
nnd gins; the lower one a small mill with 8 feet fall, the dam being 
215 feet long and 6 feet high, built of wood, at a cost of $600, and 
throwing the water back 1^ miles; and the uper one, that of Mr. N. R. 
Strickland, a saw- and grist-mill, with a dam of wood and stone 180 feet 
long, 7 feet high, and costing $1000, and backing the w^ater 7 miles, 
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with an average width of 1^0 feet. At this mill a fall of 7 feet ia 
used, and about 50 horsepower, net, with a waste of water all the time, 
except in times of extreme drought. 

At Loaiflburg Col. J, F. Jones has a saw- and grist-mill, flour-mill and 
cotton-gin using 8 feet fall and running full capacity all the time, 
with water wasting. The dam is of rock, 180 feet long and 9 feet high, 
throwing the water back 2 miles, with an average width of 150 feet; a 
power of about 65 or 75 horsepower is said to be used. 

Above this there are no mills of importance. It will be seen that the 
waterpower of the Tar river, other than that at Kocky Mount, does not 
amount to much, being almost all obtained by damming, and there being 
no natural fall of any consequence except that at Rocky Mount. 
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TBIBCTARIES OF THE TAR RIVER. 



This creek is the first important tributary of Tar river met with 
in ascending the atreara. It rises in Warren county, forms for some 
distance the boundary line between Halifax, on the north, and Xash 
and Edgecombe on the south, and empties into the Tar in the latter 
county. Its length, measured in a straight line, is about 50 miles, and 
its drainage area 760 square miles. Its only tributary worth mentioning 
is Little Fishing creek, which enters from the north. The stream crosses 
the fall line near Enfield, and the general character of its drainage 
basin is the same as that of the Tar river. The waterpower of the 
stream is not extensive, and is used for saw- and grist-mills, cotton- 
gins, and one cotton-factory. 

■ See pa^es M to !»>. Also pp. 2M-!!eT. ' During S months of the year. 
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The first power is that of Dr. J. T. Bellamy, at the fall line, 4 miles 
from Enfield, where there are a saw- and grist-mill, gin, and cotton- 
yam mill, the last named of which has not been operated for several 
vears owing to the antiquated character of the machinerv and the lack 
of capital for more modem equipment. The dam is of "stone, built in 
1857, at a cost of $9000, and is 168 feet long and 12 feet high, backing 
the water about 3 miles, and overflowing some 200 acres of swamp 
land to an average depth of perhaps 7 or 8 feet. At one end of the 
dam is the cotton-factory, and at the other the saw- and grist-mills, 
all using a fall of 12 feet and a total of about 50 horsepower, of which 
the factory formerly used perhaps 30, with a turbine-wheel, and it is 
said with always a waste of water. The drainage area above this place 
being about 500 square miles, and the rainfall 47 inches, the avail- 
able power is estimated to be at least 60 horsepower in the low season 
of dry years, 70 in the low season of ordinary years, and twice that 
amount, or more, during nine months — these powers being gross, but 
doubtless capable of being increased to a very large extent by drawing 
down the water in the pond during working hours. This site is 4 miles 
from the railroad. 

The next power is that of William Burnett, 6 miles west of the rail- 
road, at Millbrook. The dam in 1880 was wood (crib-work), filled with 
stone, 260 feet long and 8 feet high, backing the water about three- 
fourtlis of a mile, but not throwing it out of its banks. A race 60 
feet long lead to the mill — a grist- and saw-mill — where a fall of 5 
feet (?) was used. The amount of water in the stream here is prob- 
ablv about the same as at Bellamv's. If the available fall is 8 feet, 
the available power is therefore about two-thirds of that at the latter 
place. The bed of the river here is rock, and very favorable for a dam. 

The remaining powers on this creek and its tributaries are not worthy 
of special mention. They are included in the table below. The grist- 
mills generally have one, two, or three run of stones.^ 

On the whole, as far as could be ascertained, the stream is not of 
much value for waterpower, on account of its small fall and its variable 
flow. We heard of no good sites not used, but there are probably places 
where a certain amount of power could be obtained by damming. 

SWIFT CREEK. 

Swift creek rise.< in the southeast portion of Vance county, where 
it is called Sandy creek; flows through Franklin, Xash, and Edge- 
combe, joining the Tar about 7 miles above the mouth of Fishing creek, 
its length, in a straight line, l^eing about 50 miles, and draining an area 
of al)out 350 square miles. In general character it is similar to Fish- 
ing creek, but is said to be more sluggish, and to have lower banks. 
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Its waterpower is not valuable, and we heard of no sites not occupied. 
The power utilized will be found in the table. The mills are saw- and 
grist-mills, cotton-gins, and one cotton-yam factory, at Laurel, belong- 
ing to Col. J. F. Jones. The latter is the most important of the utilized 
powers. The dam is of wood and stone, 50 feet long, 5 feet high, back- 
ing the water one mile, and giving a fall of 12 feet, with a race 60 feet 
long. The power is used for a grist- and saw-mill, and for a cotton- 
yarn factory, with 650 spindles, using perhaps, in all, 40 or 50 horse- 
power. 

The remaining tributaries to the Tar river are of no importance, and 
the only mills on them are small saw-mills and grist-mills with one or 
two run of stones. The smaller streams nearly dry up in summer, and 
many of the mills have to stop grinding. The table for the utilized 
power of the Tar and its tributaries is compiled from the returns of the 
enumerators: 
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THE NBTJ8E BIVEB AND TBIBXXTABIE8. 

DRAiNAOe Areas. Square miles. 

Neuse ri ve>, at mouth 5»299 

Neuse river, at New Bern 4,*i50 

Neuse river, at Goldsboro :8,461 

Neuse river, at Smithfleld 1,317 

Neuse river, at Mllburay 995 

Neuse river, at paper-mill 890 

Contentuea oreek, at mouth 901 

Little river, at mouth 326 

Little river, at lx>well 195 

Flat river, at mouth 166 

Little river, at mouth 130 

Eno river, at mouth 134 

The Neiise river is formed in the northwest comer of Wake county, 
Xorth Carolina, by the union of three small streams, the Eno, Flat, 
and Little rivers, which themselves take their rise in Person and Orange 
counties. The Neuse flows in a general southeasterly direction through 
AVake, Johnston, Wayne, Lenoir, and Craven counties, emptying into 
Pamlico sound below New Bern, its general course, in its lower and 
navigable portion, being more nearly east. It forms for a short dis- 
tance the boundary between Granville and Durham coimties, and, near 
its mouth, between Pitt and Pamlico on its left and lower Craven 
on its right. Its length above New Bern, measured in a straight line, 
is about 150 miles, but it is much greater following the river, which is 
very tortuous in places. The principal towns on the stream are New 
Bern, Kinston, Goldsboro, Sinithfield, and Hillsboro, the last being 
on the Eno. The head of navigation on the river is Smithfleld, about 
160 miles above New Bern, and the government has, at intervals, been 
engaged in improving the river up to this point. At present there is a 
navigable depth of 3 feet as far as Goldsboro (9Ti miles above New 
Bern) during eight or nine months of the year. 

The ai-ea drained by the Neuse comprises about 5300 square miles. That 
part above New Bern measures about 4250 square miles. The prin- 
cipal tributaries of the river enter from the north, viz. the Contentnea 
creek (mouth about 30 miles above New Bern) and Little river (mouth 
just above Goldsboro, 97 J miles above New Bern), draining, respec- 
tively, about 000 and 325 square miles, approximately. The river 
crosses the fall line near Smithfleld, and below that point there is no 
waterpower. The fall at Smithfleld, however, is not very great, and 
the fall lino is loss prominent than in the case of the Roanoke and the 
Tar, tho lodsro of rook, formine the falls at Weldon and Eookv Mount, 
sl..^wincr itsolf onlv vorv sHsrhtlv on the Neuse. 

r« l.^w Goldsboro tlio rivor flows throuiih a low, heaviiv- timbered 
oouiui\. and is vorv like the Roanoke in <ronera! character. The soil is 
alluvial— olav, sniuK nnd marl: tho banks from 3 to 20 feet hich: the 
country oovon d with extensive pino forests and cypress swamps, and the 
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staple product cotton. Some of the bottoms have been reclaimed by 
the use of dikes. Below Contentnea creek the banks and adjacent 
bottoms are only a few inches above low water, and the floods reach a 
height of 12 feet, covering large areas. The channel is very tortu- 
ous, cut-offs are often formed, and the navigation difficult. Above 
Smithfield the drainage basin presents no pecuHaritieB that have not 
been referred to in speaking of the Eoanoke and Tar. The map will 
show its form and dimensions. In the upper part of the valley a fine 
quality of granite is quarried, and in the lower part, not far above New 
Berne, a marl is found which is said to be a very good building-stone, 
being quite soft when quarried, but becoming very hard on exposure. 
In fact, there is no lack of building material in the valleys of the Neuse, 
Tar, or Roanoke. 

As regards bed, banks, and freshets, the river is similar to the 
Eoanoke, except that the bottoms are said to be less extensive (above 
Smithfield) and the freshets not so sudden nor violent, seldom endan- 
gering dams. Trouble with ice is very rare. There are no lakes or 
artificial reserv^oirs, but there are facilities for the latter on the upper 
tributaries. 

The rainfall is 49.8 inches — 12.18 in spring, 13.99 in summer, 11.35 
in autumn, and 12.28 in winter, approximately. For gaugings on this 
river see pages 297 to 300. 

The fall of the river below Smithfield is very small, its elevation at 
that ]>oint being in the neighborhood of 106 feet. At the crossing of 
the Raleigh and Gaston railroad, some 35 miles further up, the eleva- 
tion is about 175 feet, making the fall between these points at the rate 
of 2 feet to the mile. Professor Kerr states that the total fall, from 
the northwest comer of Wake county, about 32 miles above the rail- 
road crossing, to tide, is about 340 feet; it seems, however, scarcely 
probable that the fall in these 32 miles can be at the rate of 5.3 feet 
to the mile. 

WATERrOWER ON NEUSE RIVER. 

The first site for power in ascending the river is at Smithfield, where 
are to be found the lowest rapids, and it is said that there was once a 
mill there, although it is now gone. Although some power might be 
obtained at the place, the site is not a favorable one. The river at 
Smithfield is 130 feet wide, and the natural fall is but slight. 

MiLBURNY. — The next site, and the first one of importance, is at Mil- 
burny or Neuse mills, about 25 miles above Smithfield and 6 or 7 miles 
from Raleigh, formerly improved, but at present idle. There is an 
open frame dam across the river, 8 feet high and 250 feet long, built 
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on the site of the old dam which was constructed years ago in connec- 
tion with the old paper-mill. The fall is llj feet at the site of the old 
mill, developing about 300 horsepower at mean low water. At the 
present time this power is not utilized except for running a dilapidated 
grist-mill, which requires about 15 horsepower. It is evident that the 
natural fall here is not very pronounced, and it seems strange that there 
is no large fall on the river below this point. It is probable, moreover, 
that power might be got below by damming, but it is said that there 
are no favorable places where a dam could be built without trouble by 
overflowing land above. At ^lilbumy the bed is solid rock, very favor- 
able for a dam, and the race had to be blasted out. The banks are 
abnipt on the right, but not so much so on the left, and the location is 
said to be a safe one. The power was formerly used by a paper-mill 
on the left bank and a grist- and saw-mill on the other, the fall utilized 
being 12^ feet; but the paper-mill was burnt. It is expected, however, 
that the power will be again utilized in a short time. 

The drainage area above this site is about 1000 square miles. Pro- 
fessor Kerr gauged the river at low water, and found the flow to be 
about 193 cubic feet per second, giving a power of 22 horsepower per 
foot fall. Gaugings at Selma in 1897 by the Geological Survey gave 
a flow as low as 109 cubic feet per second. The drainage area here is 
given as 1175 square miles. The water, at the time of this gauging, 
stood higher than it did at some other times during the year. Estimates 
of the flow and power, according to methods already referred to, result 
as follows: 



Tablk of Power at MilburnyJ 



State of flow. 



(See pag:e8 54 to 59). 



Drainage 
area. 



Sq. Miles. 



Minimum 

Minimum, low season 

[jow season, dry years 

'• Low water,'* Professor Kerr. 



1 



J 



1,000 



^ ,, Flow, per 

*""• second. 



Horse- 
power, 
gross. 



Feet. 



Cubic 
feet. 



12H 



160 
175 
1«0 
193 



Per foot 
fall. 

18.2 

ao.o 

21.8 
22.0 



Horse- 
power, 
gross. 

Per }2H 
feet fall. 

2271 
250; 

*>rR ■ 

tmtO ^ 



By storing the wat^r during the night this power could be greatly 
increased, but whether such storage would be practicable we cannot say, 
not knowing the dimensions of the pond. 

This power, as before remarked, is about 6 miles from Raleigh,^ from 
wliioli point railroads diverge in four directions. 

Falls of Xeuse. — The next power on the river is the paper-mill of 
tlio Tialeigh Paper Company. Between this power and Milburny there 



' For recent masurements of flow on Xeuse river, see pp. 297-300. 
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was formerly an oil-mill, but the dam is said to have caused so much 
trouble by overflow, and so much sickness in the vicinity, that the 
property was purchased by the neighbors, and the mill torn down. 
The paper-mill is at Falls of Neuse, 3 miles above the Kaleigh and 
Gaston railroad, and 13 miles north of Raleigh. The open frame dam, 
which extends entirely across the river, is about 410 feet long and 6 
feet high, backing the water about 10 miles, the depth averaging per- 
haps 8 feet. A race 1000 feet long leads to the mill, where there is a 
fall of 18 feet. The power used is said to be 300 horsepower, but it is 
evident that this power can only be obtained during eight or nine months 
of the year. There is little trouble with high water. The dam was 
repaired a few years ago, but there is still some loss of power from 
leakage. 

The drainage area above this place is about 890 square miles, and 
the rainfall 42 to 44 inches^ Hence the power, available, per foot, 
would be about eight-tenths of that at Milburny, or, in round numbers, 
as given in the following table: 



Table of Power at Falls of Neuse.' 



State of flow.' 



(See pagresW to 59.) 



Drainage 
area. 



S(i. miles. 



Minimum ; | 

Minimum, low season I > 

Low season, dry years , \ 



890 



Fall. 



Feet. 



18 



Flow, per 
second. 



1 



Cubic 
feet. 



138 
140 
152 



Horse- 
I)Ower. 



Per foot 
fall. 

14.5 
15.9 
17.2 



Horse- 
power. 



Per 18 feet 
fall. 



361 
280 



Above this mill there are no powers of importance on the river so 
far as we could learn. It seems strange that such a large and long river 
sliould offer so little power, especially in a section of country which 
abounds so largely in waterpower. The fact that there is no power on 
the fall line is also remarkable. 

The following table gives a summary of the powers on the river 
utilized and available: 



1 Ac'cordinjr to all we could loam re«rardlnflr this power, we are inclined to reprard these esti- 
mates a« too larjire, b<»iu»? informed that it is sometimes only possible to run a grist-mill In 
summer for several weeks at a time. But the dam is verj" leaky, and it may be that there are 
oth«'r sources of loss. 

- For measurements of flow on Neuse river, see pp. 297-300. 
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I OF THE NEUSE HIVER. 

Most of the utilized power in the drainage basin of the Neuae is 
located on its tributaries, although none of them are large enough to 
afford very large powers. 

The first important one met with in ascending the Neuse is the Trent 
river, which joins (he Neuse at New Bern. The drainage basin of the 
Trent, lying entirely below the fall line and presenting no waterpowet 
of importance, need not be further considered. 



The next important tributary is Contentnea creek, from the north, 
draining an area of about 9^0 square miles, and joining the Xeuse about 
30 miles above New Bern. This stream has its sources above the fall 
line, in Franklin county, where it is called Moccasin creek; thence, 
flowing in a southeasterly direction, it forms the boundary line between 
pranklin and Nash counties on the north and Wake and Johnston on 
the south, flows through "Wilson and Greene counties, and finally joins 
the Xeuse, after forming for C or T miles the boundary between Pitt 
and Lenoir counties. It crosses the fall line, in Wilson coimty, about 
at the point where it changes its name to Contentnea; but, as in the case 
of the Neuse, there seems to he no decided fall in the stream at this point 
Above the fall line it partakes of the general character of Swift and 
Fishing creeks, previously described, and it affords no waterpower of 
nuich importance, the declivity being gradual. There is probably power 
available on the stream which can be utihzed by damniinj; at suitable 
places, but no particular sites for powers were brought to our notice. 
The tributaries of the Contentnea are not of much importance. 



The next important tributary is Little river, which rises in Franklin, 
flows southeast through AVake and Johnston, joining the Neuse in 
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Wayne county 2 or 3 miles above Goldsboro, and draining an area of 
about 325 square miles, the length of the stream, in a straight line, 
being nearly 60 miles. The drainage basin is long and narrow, and the 
tributaries of no consequence. The stream crosses the fall line, but, as 
in the case of the Neuse, no particular fall occurs at that place. The 
products of the basin are principally com, cotton, cereals, vegetables, 
and fruits, and the soil fertile, generally sandy and loamy. 
The general character of the stream does not differ from that 
of the tril>utaries of the Tar. The banks are often low and sub- 
ject to overflow, and the bed is generally of soft material — mud, sand, 
etc. The declivity is quite uniform, and no important sites for power 
could be learned of. 

At Lowell, about where the stream may be said to cross the fall line, 
and some 25 miles from its mouth, stood the cotton-factory owned by 
TV'illiam Egerton till 1892. This was burned in January, 1894, and 
on its site has since been erected a com- and flour-mill. The power 
is developed by a wooden dam 170 feet long and 9 feet high, giving a 
fall of about 9 feet. It backs the water 4 miles, with an average width 
of 150 feet and an average depth of 6 feet; and the number of horse- 
power is about 40, which, it was said, could be obtained at all seasons 
of the year. The drainage area above the place being about 195 square 
miles, and the rainfall about 48 inches, we have estimated the minimum 
and the low-season flow in dry years at about 12 and 18 cubic feet per 
second, respectively, and the available power, with a fall of 10 feet, 
at 13 and 20 horsepower. With storage during the night these figures 
could be increased, and this may easily be done if the pond is as large as 
^ven above. Above the Lowell mills, on Little river, are only small 
f^w- and grist-mills. The waterpower of the stream may be said to be, 
in general, of little value. 

In the neighborhood of Goldsboro there are several small spring 
streams which are said to afford quite constant powers, but none of 
them have sufficient capacity to run any but very small mills. Such 
are Sleepy creek (mouth 10 miles below Goldsboro) and Falling creek 
(mouth 10 miles above the railroad bridge). On these streams large 
storage can generally be obtained, and the power resulting from the 
natural flow could be doubled by being concentrated into twelve hours. 

The other tributaries of the Xeusc below the junction of its three 
headwaters have numerous small grist- and saw-mills and occasionally 
a paper-mill, all of which are here tabulated. Most of these mills have 
to stop dining the dr^'cst seasons of the summer on account of low 
water. 
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Flat river, the most northerly of the three headwater streams referred 
to, rises in Person county and flows southeast through a comer of Du^ 
ham, having a total length of some 25 miles in a straight line. It drains 
an area of about 166 square miles, being the largest of the three streams, 
has a considerable fall, and is well suited for the development of small 
powers. The power utilized is given in the table. The power available 
we cannot estimate. One of the best powers in this vicinity is reported 
to be at and just below the com- and flour-mill of Mr. E. K. Moore in 
Person county and near the Durham county line. 

Little river is the second of the three headwaters. Rising in Orange 
county, with perhaps a few branches in Person, and flowing a little 
south of east through the northern part of Orange, with a total length, 
in a straight line, of some 20 miles, it drains an area of about 130 square 
miles. None of these streams are very tortuous. Little river has the 
same general character as Flat river, and its power is utilized by saw- 
and grist-mills, and by one cotton-factory, that of the Willard Manu- 
facturing Company. This factory contains 80 looms and 1600 spin- 
dles, operated from two-thirds to three-fourths of the year by water- 
power alone, the stream furnishing about 60 horsepower for 12 hours; 
and during the remainder of the year it is operated by water and steam 
combined. The dam is 21 feet high and 125 feet long, backing the 
water about one-half mile. This gives a fall of 22 feet at the end 
of a race 1200 feet long. In summer there is no waste of water, but 
in winter it generally flows over the dam. The flow of this stream at 
its mouth is estimated to be at a minimum about 6, and at its low-season 
flow, in dry years, 18 cubic feet per second, giving powers of 12 and 
44 horsepower, with fall of 22 feet. 

Eno River. — The most southerly of the three headwaters of the Neuse 
is the Eno, rising in the northwest comer of Orange county, flowing 
first nearly south and then nearly east through the county, having 
a length of about 25 miles in a straight line, and draining an area of 
about 134 square miles. It is similar in character to the others, and its 
power is used only by gristr and saw-mills, some of which are obliged 
to stop in the summer. At Hillsboro the stream is about 50 feet wide, 
and will probably afford not more than 8 or 9 cubic feet per second in 
dry years during the low season, and probably less, or about 1 horse- 
power per foot fall. The utilized power is given in the table. 

It will be seen that the Neuse river possesses a small amount of water- 
power for a stream of its size in this part of the country. The lower 
parts of the river and the tributaries below the Kaleigh and Gaston 
railroad are not very favorable for power — the river on account of its 
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gradual fall and low banks, and the tributaries because of the consid- 
erable variability in their flow. Exceptions are found in the case of 
some tributaries not far below the fall line, which are fed by Bprings 
and keep up quite well during the summer, belonging, in fact, to the 
class of sand-bill streams, of which we shall meet more noticeable exam- 
ples in the case of the tributaries to the Cape Fear and Yadkin. The 
tributaries in the upper part are more favorable, have a greater fall, 
higher banks, and are probably not so variable in their flow. Still, 
there are no such sites for power on the Neuse river as are found on the 
Boanoke, Tar, or on streams farther south. 
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CHAPTER VII. 

THE CAPE FEAR EIYER AND TRIBUTARIES/ 

THE CAPE FEAJt BIVER. 

This river, formed by the junction of the Haw and Deep rivers in 
Chatham countv, North Carolina, flows in a southeasterlv direction 
through Harnett, Cumberland, Bladen, and Brunswick counties, and 
for a short distance between Brunswick and New Hanover, and empties 
into the Atlantic at Cape Fear. Its length, in a straight line, is about 
125 miles, and by the river about 192. The principal towns on the 
stream are Wilmington, 30 miles from the mouth; Elizabethton, the 
county-seat of Bladen county; Fayette ville, the county-seat, of Cumber 
land coimty; Averasboro, and Lillington (the county-seat of Harnett 
county) — the two latter being small towns of a few hundred inhabitants. 
Fayetteville is the head of navigation for steamers of light draft, its 
distance from the sea being 160 miles by the course of the stream. Con- 
siderable money has been, and is being, spent by the government for 
the improvement of the navigation of the river below "Wilmington, which 
is a port of entry, and present project contemplates the securing of a 
navigable depth of 20 feet at mean low water up to that city; but by 
taking proper advantage of the tides ships drawing 21 feet can easily 
reach that point. The average range of the tides at Southport, at the 
mouth of the river, is about 4 feet. The entrance across the bar to the 
harbor at Southport can be made by vessels dra\ving 25 feet at spring 
tides. 

By a series of locks and dams the river was formerly made navigable 
up to the confluence of the Haw and Deep rivers, and the works were 
carried for some distance up the Deep river. These old navigation 
works, like those on the Roanoke, were never successful from a financial 
point of view, and before long went into disuse, and were abandoned. 
Between 1ST 2 and 1874, however, a part of the works were again put 
in order, and navigation again opened between Battles dam and Car- 
bonton, and kept open for several years successfully. But at present 

' By (i. F. Swain and J. A. Holmes. 
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they have again jiassed into disuse, and are practically abandoned so far 
as navigation is concerned/ 

The total area drained by the Cape Fear is about 8400 square miles, 
of -which the Deep river drains 1350, the Haw river 1675, and the Cape 
Fear proper 5375. The principal tributaries of the river below the 
forks are: From the east, in order as the river is ascended, the North- 
east Cape Fear river, draining 1330 square miles, and entering the 
Cape Fear about 20 miles above its mouth; the South river, draining 
about 1430 square miles, and joining the main stream about 30 miles 
from its mouth; and from the west, in the same order, Rockfish creek, 
draining 280 square miles, and emptying 10 miles below Fayetteville; 
Lower Little river, draining 448 square miles, and emptying about 25 
miles above Fayetteville; and Upper Little river, draining about 176 
square miles, and emptying about 30 miles above Fayetteville. 

The drainage basin of the Cape Fear proper, -svithout the basins of 
the Deep and Haw, resembles that of the Roanoke. The river is 
crossed bv the fall line near Averasboro, about 27 or 28 miles above 
Fayetteville, giving rise to Smileys falls, which is yet to be described. 
The map of the basin will show its form and general dimensions. The 
elevations of the watersheds between the. Cape Fear and the adjacent 

* The Cape Fear XaviMration Company was flrst chartered by the state In 1796, with a capital 
of fMCOOO. In 1815 additional privilegres were g'ranted, and authority given to increase the capi- 
tal stock to $100,000. Although the money was expended, no useful result was accomplished, and 
in 1K48-49 a new company was organized, with a capital of $200,000, which was afterward In- 
creased to $350,000, the state subscribing three-fifths of the whole amount. Survej's were made, 
but the cost of the works which were entered upon exceeded the estimates, and although a 
steamer did once pass over the whole route between Fayetteville and Carbonton, on Deep river, 
the company was never able to keep the locks and dams in a condition requisite to secure un- 
interrupted communication. The failure of these works was partly due to bad engineering in 
the location of the dams, it being dilBcult to secure their ends against the action of freshets. 
Th*? amount expended by the last company was about $350,000. (Annual Report Chief of Engi- 
neers, 1H73, pp. 743-4.) The work was finally abandoned when the war broke out, and subse- 
quently the works were in a measure destroyed, in part by natural causes, and in part intention- 
al ly. In 1868 the state appropriated the works to the Raleigh and Augusta Air Line railroad 
(then Chatham railroad), but they were afterward bought by some parties who organized us the 
Deei» River Manufacturing Company. A little later, the Lobdell Car-wheel Company having 
bf.mght an interest in the company, and also the Endor furnace, the works were again put in 
orrler from Battles dam up, in the years 1872 to 1874, for the purpose of supplying the Endor fur- 
nacc»s with the Ruckhorn ore, for which there was no convenient transportation except by 
water. Navigation was kept open for several years successfully, although the company has 
carried on no trutfic since 1876. In that year the Deep River Manufacturing Company was con- 
s<^)lidat<?d with the Cape Fear Iron and Steel Company, under the new name of ** The American 
Inm and Steel Company," but the furnaces were stopped, owing to the depression in the iron 
business, and this, of course, put an end to the navigation, which was confined to that carried 
on l)y the company, no local trade having been built up, the single steamboat owned by the com- 
pany being no more than sufficient for -their own wants. Subsequent to 1876 the boat was run 
whenever a paying trip could be marie, but not regularly, and no trips have been made since 1880. 
The boat has disappeared, and with it all expectation of navigation on the river. It is now the 
intention of the owners of the locks and other old works at Lockville and other iilaces to de- 
velop waterpowers wherever possible. 
9 
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rivers are not very great, and the tributaries do not afford much 
power, except in places where, by damming, the water can be thrown 
back for considerable distances and considerable storage room obtained; 
but the fall of the tributaries is, on the whole, small. As regards soil, 
vegetation, and building material, the drainage basin of the Cape Fear 
resembles that of the Roanoke, and need not be described. The facili- 
ties for storage in that part below the junction of the Haw and Deep 
rivers will probably be found to be not very good on account of the 
flatness of the country, and, in places, of the porosity of the soil — 
resembling in this respect, also, the Roanoke. Further up, in the 
valleys of Deep and Haw rivers, the storage facilities are better. As 
regards bed, banks, and freshets, the stream very closely resembles 
the Roanoke, although the bottoms are said to be not quite so extensive 
as on the latter river. Above Averasboro the river flows through an 
alluvial country, with banks generally low, and a width of from 400 
to 600 feet Below Averasboro the river is narrow, the banks high, 
and the soil sandy. 

The rainfall on the basin of the Cape Fear is about 50 inches — 12 in 
spring, 14 in summer, 12 in autumn, and 12 in winter; but in the val- 
leys of the Deep and Haw rivers, although the total rainfall remains 
the same, the summer fall is rather smaller, and that in winter remains 
about the same. It would seem to follow from these facts that the 
flow of the Cape Fear becomes proportionately more variable as it is 
ascended. Another cause which tends to make the flow of the river 
variable is the fact that the courses of manv of its tributaries in Chat- 
ham county lie in a slaty and broken region, which sheds the water 
with great rapidity, so that these streams become almost dry in sum- 
mer; and this cause also contributes to increase the suddenness and 
violence of the freshets. The freshets on the Cape Fear, indeed, are 
said to be more violent than on any other Xorth Carolina river. On 
the lower part of Deep river the banks are often overflowed, sometimes 
to a depth of 10 or 12 feet, and much injury is thereby done to the 
crops. For the upper 30 miles of the Cape Fear the banks are low 
and the river wide, so that the rise does not exceed 20 feet; but in the 
succeeding 75 miles, where the banks are high and the stream narrow, 
the rise is very great, amounting occasionally to 58 feet at Fayette- 
ville. These freshets constitute a serious disadvantage to the use of 
waterpower on the stream. There is, however, no trouble at all with 
ice. Gaugings are now being made daily on the Cape Fear at Fayette- 
ville, and on Deep and Ilaw rivers jnst al)ovc their junction (pp. 301 
to 305). 
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The following table shows the declivity of the stream; 



Cape Fbar rivbr— Table op Declivity. 



Locality. 



Junction of Haw and Deep 
rivers^ 

Head of Smileys falls 

Foot of Smileys falls 

Fayetteville 

Wilminirton 



Distance 
from 
Wilmington I 



Elevation 

above 

tide. 



Miles. 
172.0 
142.5 
130.0 
112.0 
0.0 



Feet. 

180 

09 

42 

7(?) 




Distances 

between 

points. 



'.} 



Miles. 

29.6 

8.5 

27.0 

112.0 



Fall 

between 

points. 



Feet. 

61 
27 
85 

7 



Average ftf 11 

between 

points. 



Ft. per mile. 

2.060 
7.710 
1.250 
0.062 I?) 



The principal' products of the region along the Cape Fear are com, 
cotton, peanuts, potatoes, pease, rice, various vegetables and fruits, rye, 
oats, wheat, and grasses. The whole of this region lies in the cotton- 
belt. 

The mineral resources of this region, especially of the upper part, 
are very great. Coal and iron are very abundant, but, owing to diffi- 
culties of transportation, the mines have been little worked. The coal- 
fields along the Deep river have been estimated by Emmons to cover 
an area of 90 square miles, and to contain at least 258,000,000 tons, 
easily workable. The coal is bituminous, and of superior quality. At 
Cumnock,' on Deep river, a shaft was excavated to a depth of 460 feet 
between 1853 and 1856, but operations were suspended on account of 
want of transportation. In 1887 the shaft was cleaned out and the 
mine reopened. Since that time mining operations have been con- 
tinued to the present date. Iron has been found at Ore Hill, about 
9 miles from the Gulf, and at Buckhom, on the east bank of the Cape 
Fear, 8 miles below the forks; and all the way up through the valleys 
of the Ilaw and Deep rivers iron ore of excellent quality has been found 
in large quantities. Copper ore has also been found in the same region, 
and several mines have been worked. 

The basin of the Cape Fear is not very thickly populated, and its 
population has not increased much since 1870. In that year the popu- 
lation per square mile was 22.7, while in 1880 it was only 28.4. (Cen- 
sus Bulletin Xo. 78, by Mr. Gannett, geographer of the Census.) At 
the same rate of increase the population would now (1897) be 35.9 per 
square mile. 

1 At crossing of Raleigh & Augusta Air Line railroad. This and the other elevations on 
the road were furnished by Major Winder, then general superintendent. 
* Formerly known as Egypt. 



132 THS CAPE FEAB RIVER AND TRIBUTARIES. 

WATERPOWER ON THE CAPE FEAR. 

We proceed to describe the river more in detail and to discuss its 
waterpowers, commencing at its mouth. 

Below Wilmington there is, of course, no power. The country is 
low and flat, and large quantities of rice are raised. The river is, in 
places, over a mile wide, and at the mouth the width is 3 miles. The 
country is also more or less swampy for 60 miles above Wilmington; 
there is no power for this distance, and rice, com and cotton are the 
principal products. Thence up to Fayetteville the banks are from 15 
to 50 feet high, the bed entirely sand, and the navigation difficult, on 
account of shifting sand-bars. 

The first dam of the old Navigation Company was at Jones falls, 
7.73 miles above Fayetteville, its height having been about 5 feet. It 
is not a good site for power. 

The second dam was at Silver run, 17.11 miles above Fayetteville, 
its height having been probably greater, as its crest was 15.64 feet above 
that of the Jones falls dam. It was not spoken of as a good site for 
power. 

The third dam was at Williams fish-trap, 25 miles from Fayetteville. 
The total fall from the top of the dam to low water at Fayetteville was 
25.74 feet. Not a good site. 

The fourth dam was at Haw Ridge, 27 miles above Fayetteville; 
height of crest above Fayetteville (low water), 34.97 feet. Not a good 
site. None of the dams thus far mentioned are now in existence. 

Smileys falls. — Up to this point the fall of the river is slight, and 
its general character similar to what it is for some distance below Fay- 
etteville. We now come to the fall line, where the river passes from 
the middle to the eastern division over a long shoal known as Smileys 
falls. In the table of declivity we have already stated that the fall 
extends through a length of about 3i miles, with a total fall of about 
27 feet. There were three dams built on these falls, viz. Green Rock, 
Big Island (Narrow Gap), and Sharpfield, the latter being at the head 
of the falls, and all of which have been completely carried away. The 
table following, on page 137, will show their distances from Fayetteville, 
and the height of their crests above the datum. "At Narrow Gap a 
ledge of rocks from 4 to 6 feet above the ordinary bed extends nearly 
across the river, leaving a narrow opening near the left bank, whence 
comes the name. The whole volume of water, during ordinary stages, 
passes through this gap." * Smileys falls, really the first power on the 

* (Quoted from a report on a survey of the Cape Fear and Deep rivers, by Mr. George H. 
Elliot, Annual Report Chief of En^jrineers, LSTi, p. ",4^. 



WATEBPOWEB ON THE OAFE FBAB. 



138 



river, none of those below being worth anything as powers, are situated 
above the mouth of Upper Little river, and about 4 miles from the 
railroad. The bed is rock, and the facilities for dams and races, as well 
as for building, are said to be good. The greatest drawback would prob- 
ably be the heavy freshets to which the river is subject, and which have 
been already referred to; but the fall is so great at this place that it 
seems as though this difficulty might be, to a large extent, obviated, if it 
were not endeavored to utilize the total available fall at low water. 
There is no power at present in use at the place, or if there is, it is only 
for some small country grist-mill; but none such was heard of. 

The drainage area above this place being about 3400 square miles, 
the power is estimated in the following table: 



Table of Powek Available at Smileys falls (Estimated).* 



State of flow. 



(See pages 54 to 59.) 



Minimum 

Minimum, low season. 
Low fteason^dry years. 




Sor. 
miles. 

I MOO 



lialnfall. 



In. 
13 





• 






u 


C 






B 


B 

s 




il 


a 


*.• 


a 


OS 


3 
CQ 


3 
< 


^ 


0) 



In. In. 
10 11 



In. 



46 



1 

Plow 


Horsepower 


per 


available. 


second. 


gross. 


Cubic 


Ifoot 


27 foot 


feet. 


fall. 


fall. 


620 1 


70.0 1,890 


8S0 


92.7 2,500 


990 


106.0 


2,8fc*0 



as 

O 3 









For the same reason a concentration of power into less than twenty- 
four hours would probably be impracticable, except to a very small 
extent. 

This power, one of the finest in this section of the state, is located in 
a region oflFering many advantages for manufacturing. Fuel, in the 
shape of timber and coal, is abundant in the immediate neighborhood. 
Building materials — fine wood and stone — are also to be had with ease. 
The products of the neighborhood are com, cotton, wheat, oats, rye, 
pease, potatoes, vegetables, and fruits of various kinds. In case of the 
establishment of a cotton-factory, an abundance of the raw material 
could probably be obtained from the surrounding country; and a branch 
road could be easily built to this place from Dunn station on the Atlantic 
Coast Line railroad only 4 miles distant. Finally, this part of the 
state is quite healthy, although not so much so as the western portion, 
chills and fever being more prevalent. 

The next dam above Sharpfield dam was McAllisters, 3 miles above, 
the present fall in the river between these points being about 8 feet. 



' For later measurements of llow of Cape Fear river, see pp. 302-305. 
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Then came Fox Island dam, 3 miles above, the natural fall being now 
10 feet. The next was Douglas falls dam, rather over 8 miles above, and 
the fall is 9 feet. The bed of the river above Smileys falls is rock, 
:and the fall considerably greater than below. 

Battles falls. — The next dam above Douglas falls was at Battles 
falls, where is the first dam at present existing on the river, having 
been, as already mentioned, the lowest dam rebuilt by the last com- 
pany (p. 128). But even of this dam only the remnants remain. The 
fall between Battles dam and Douglas falls, a distance of a little over 3 
miles, is 9 feet. Battles dam was a wooden structure, straight across 
the river, and about 11 feet high and 500 feet long. This fall might 
"be used for power, as the place is topographically favorable, but the 
freshets would be a drawback to the use of so small a fall. The dam 
originally ponded the water for 2 miles, up to the foot of Buckhom 
falls. It is expected that this power will be developed at an early date. 

BucKHORN FALLS. — This is the most important fall on the river next 
to Smileys, navigation through which was effected by means of a 
canal. At the head of the falls are the remnants of a dam, built of 
w^ood, like Battles dam, and about 1000 feet long and 3 or 4 feet high. 
It has the shape of a letter V, with the apex up-stream, one arm being 
"nearly at right angles to the banks, and it is terminated on the east side 
"by an island, behind which it turns a portion of the water, as into a 
natural race, which extends for a distance of a mile or so between the 
l^ank and a succession of islands, which have been connected bv a series 
of slough-dams. At the end of the mile a slough-dam connected the 
last of the series of islands with the bank, and the navigation was con- 
tinued by means of a canal about half a mile long, 40 feet wide at the 
surface, and 6 feet deep. At its head was a guard-lock, with a lift of 
about 4 feet, and at its foot two locks, made of crib-work filled with 
•stone, like the guard-lock, with together 17 feet lift, one having 11 
and the other 6 feet, making the total fall from the crest of the Buck- 
horn dam to that of Battles dam some 22 or 23 feet. A part of the 
fall was used by the North Carolina Iron and Steel Works to nui 
machinery connected with their furnaces (blast, etc.), the canal havinir 
been extended some 300 yards from a point just above the outlet-lock?, 
so as to utilize the power lower down, nearer the ore-bed. A fall of 12 
feet was used, the water being discharged into a small creek having a 
fall of some 5 feet between the tail-race and the river. Although in 
freshets the backwater from the river came up to the wheel-pit, full 
capacity could be secured during the whole year, and no steam-power 
was used. These works have not been in operation since 1876, it beinir 
said that the ore-bed is exhausted, not being so extensive as was sup- 
posed, although it is not certain that this is the case. 
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These falls constitute a most excellent power, very easily available, 
and with a location perfectly safe. The existing canal constitutes a 
race ready for use, and by utilizing the lift of the guard-lock and dis- 
charging the water directly into the river at the works a fall of 20 feet 
could be rendered available, except during very severe freehets, when the 
works might be obliged to stop, although this would be very rare. The 
canal is in tolerably good condition, and could be made perfect at a email 
cost; and, if necessary, it could be easily widened so as to increase its 
capacity. At its lower end, where the locks arc, the land is low for 
several hundred yards back from the river, and subject to overflow at 
times; but further back is a hill, on which buildings could be erected 
with safety, and on which stands the old furnace of the iron company. 

We have estimated the available power and flow at this point, with the 
results given in the following table: 

TaBLB or AVAII.ABI.K POWIR AT BDCBBORH TAI.IA (BSTIKATBDI. 
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The present canal, or one 40 feet wide at top, 6 feet deep, and slopes 
of 45°, would be capable of carrying volumes of water, and of affording 
power, with different slopes, as per the following table: 

Table op Powbr ArroBDBD ar Oakai. in Kahth, U Fbr Widb. S Feet Bbbp. 





Capaotlf per 






™,.,„.^. 


bie.grou. 


Remark!. 


1 foot per mtle 


Cubic feet. 


Knot tall. To>»l. 
m ' ilaao 


Available fall about tO feet. 
Available fall about IS feet. 







The estimates of flow in the first fable, and in that for Smileys falls, 
may seem too low, but the flow of the Cape Fear waa stated to be very 
variable. Gangings at Fayetteville, in 1897, as given on page 302, 
show that the quantity discharged was in one case as low as 424 cubic 
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feet per second, or 0.1 cubic feet per second per square mile, and this 
was not the minimum stage even in that year. The theoretically avail- 
able power, with storage, would be found impracticable, although the 
power due to the ordinary flow of the stream might be considerably 
increased by constructing storage reservoirs in the valleys of Deep and 
Haw rivers. 

Buckhorn falls are fairly accessible, being only about 8 miles from 
Haywood, at the jimction of Haw and Deep rivers, and from the 
Seaboard Air Line railroad, which crosses both rivers near their junc- 
tion. With a dam at Buckhorn, shallow boats could be operated be- 
tween this point and the railroad crossing, 8 miles above; and the con- 
struction of a branch track to the falls from the main Seaboard Air 
Line railroad just east of the Haw river crossing would entail but 
little expense for grading over the entire distance of 7 or 8 miles. As 
already mentioned, coal and building materials can be obtained in 
abundance in the vicinity. The locality is healthy, and the climate 
mild. The property, including land, canals, and dams, has all been 
owned by the Navigation Company, but it has recently (March, 1899) 
been sold to a newly organized electric power company, and is to be 
developed as a waterpower in connection with the power at Lockville. 

The width of the Cape Fear at Buckhorn dam is about 700 or 800 
feet, and the dam ponds the water with this average width up to the 
forks, and beyond, or about 8 miles. Buckhorn falls is thus the highest 
power on the river. 

In the following table of power on the Cape Fear river we have only 
mentioned those powers which may be considered as available practi- 
cally, viz, Smileys falls, Battles falls, and Buckhorn falls. 

It will be noticed that there is not one mill in operation on the 
river, probably because small mills — the only kinds that have ever 
sought a location in this part of the state — have been more cheaply 
located on small streams, where there is not such danger from heavy 
freshets. 

Cape Fear river— Summary of Power (Estimated). 
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^ See pages 64 to 59. 



2 See description. 
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tviNo Number and Location of Dams Constructed on the Cape Fear and DeepJ 
Rivers by the Navigation Company, Together with a Profile of the 
IlivERs between Fayetteville and Hancocks Dam. 

om a map and profllo of the rivers according to a survey by Hamilton Fulton, civil 
engineer, in the office of the State Geologist In Raleigh.] 



Name of dam or place. 



Distance from 

Favetteville 

bridge. 



Elevation of crest 
or water surface 
above low water 
at Fayetteville. 



lie bridge. 

s dam 

1 dam 



ish-trap dam 

edam 

3k dam 

dam (Narrow Gap?) 
dam 

rs dam 

d dam 



am 

Us 

falls 

dam 

p, near Junction with Haw. 

dam (lower) 

dam (upper) 

m(Clegg8) 

a iFariahs flsh-trap) 

(Haughtons) 

I dam ( Evans) 

n (Hancocks) 



Miles. 
O.OU 
7.73 
17.11 
25.00 
26.99 
28.14 
29.37 
80.59 
33.65 
86.50 
44.76 
47.97 
50.U0 
51.65 
60.44 

• • • • 

62.21 
64.70 
71.43 
81.37 
87.37 
99.87 



Feet. 

0.00 

50.00 

20.64 

25. 74 

34.97 

45.47 

53.61 

62.56 

73.18 

^.46 

88.68 

99.51 

108.47 

122.39 

127.11 

151.67 

165.02 

172.24 

l':4.36 

181.66 

190.12 

204.64 



ics on this TABTiK.— The height of each dam may be found approximately (a little ton 

lubtracting from the height of its crest that of the dam below, except in cases where 

canals were used, {. e. in the case of the Buckhorn dam, the lower Luckville dam, and 

sdam. 

e figures, having reference to the work as originally planned, are not correct for those 

istence, for in some cases these figures were altered when the works were built, and 

hey have been altered since. 



TRIBUTARIES OF THE CAPE FEAR BELOW THE FORKS. 

first important tributary of the Cape Fear, as we ascend the 
5 the Northeast Cape Fear, which rises in the extreme northern 

Duplin county and flows south, through Pender and New Han- 
unties, entering the Cape Fear river at Wihnington, some 20 
'om the sea. Lying entirely below the fall line, it has no water- 
)f any consequence, flowing mostly through swamps. There are 
Few small mills on the stream and its tributaries, the fall of water 

case depending upon the height of dam. 

next important tributary is South river, also from the east, rising, 
:he name of Black river, in the northeastern part of Harnett 

and flowing south through that couhty, and between Cumber- 
»1aden, and Brunswick counties on its right, and Sampson and 

on its left, entering the Cape Fear about 10 miles above Wil- 
1, after a course, in a straight line, of about 85 or 90 miles. Its 
e area comprises about 1430 square miles. Although its sources 
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are above the fall line, the stream is very small where it enters the 
eastern division, and its waterpower is, therefore, of no consequence. 
Some of the small tributaries near its sources have, as in the case of the 
Northeastern Cape Fear, small grist-mills, but of no consequence. The 
South river has one large tributary, the Black river (not the one above 
mentioned), which enters from the east, after having flowed, from north 
to south, through the whole length of Sampson county, in the northern 
part of which its sources lie. Its length is about 50 miles in a straight 
line, and its drainage area 620 square miles; but as it lies entirely in 
the eastern division, it possesses no waterpower. There are no towns 
of importance on these streams. They are so swampy that the towns 
are located some miles from them on higher and more healthy ground. 

COLLY CREEK. 

Another tributary of the Black river is Colly creek, on which, a few 
miles above its mouth and just over the county line in Bladen county, 
is a waterpower of some local importance now owned by the Colly 
Veneer Works Company. The fall is 9^ feet, and it can be increased 
to 12 feet. The dam backs the water four or five miles, the pond being 
J to f of a mile broad. Th« present plant consists of two grist-mills, 
saw-mill and basket and veneer machinery, but only a small part of the 
water is said to be used. The surplus water escapes over a spillway 198 
feet wide, on which it is said to stand, at a depth of 1 to li feet all the 
time. Plans have been under consideration for utilizing this power 
for generating electricity for lighting the city of Wilmington, 20 miles 
distant. The stream is fed by numerous large swampy areas, and there 
is but little variation in the summer and winter water supply. 

ROCKFISH CREEK. 

We next come to Rockfish creek, which rises in the western part of 
Cumberland county, flows nearly east, forming for about 10 miles the 
boimdary between Cumberland and Robeson eoimties, and empties into 
the Cape Fear about 10 miles below Fayetteville, in the former county. 
Its length, in a straight line, is about 30 miles; following the general 
course of the stream it is about 35 miles, Imt taking in all its windings 
it is considerably more. It drains, in all, an area of 280 square miles, 
and its principal tributaries are from the north, the largest being the 
Little Rockfish, draining an area of 77 square miles. There are no 
towns on the stream. 

Rockfish creek is a c^ood sani])le of a class of streams which we have not 
yet described in detail, not having had occasion to refer to any particular 
powers on any of them, although some tributaries of the Neuse and Tar 
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belong to this •class. These streams, located generally just below the 
fall line, which they sometimes cross, differ very materially in character 
from the majority of streams in this part of the country. We have 
alluded to the fact that just below the fall line there is a belt of sand- 
hills, some 30 or 40 miles wide, running almost parallel with that line, 
and sometimes extending above it. The streams of the class referred 
to rise and flow through this sandy region, and it is to this fact that 
their character is due. The sand-hill belt consists of broad, flattish 
swells, w^ell wooded, as a rule, with long-leaf pine, and generally with 
an undergrowth. The surface deposit of sand varies generally from a 
foot or two to five or six feet in depth, and is in places 10, 20, and even 
1 00 feet thick. It is underlaid with less porous strata of half -compacted 
sand, grit and clay of the tertiary and cretaceous formations, which are 
in places very thick, ha\dng been bored into to a depth of 175 feet at one 
place. The smaller streams in the sand-hills have not cut out their beds 
through the sand, and are often sluggish, stagnant, and marshy; but the 
larger creeks, and the rivers, have cut away the sand entirely and worn 
out their beds in the less pervious strata beneath, which sheds into the 
water-courses all the water which reaches it by percolation. 

The rapidity with which the sand-hills absorb the rain which falls 
upon them, thus removing it from the direct action of the sun, has the 
effect of diminishing the evaporation, while their large thickness in 
places enables them to absorb considerable water, and to give it out 
gradually, as it reaches and flows along the impervious stratum beneath, 
thus enabling them to act as storage reservoirs, and to regulate the flow 
to a remarkable degree. Thus there is considerable difference in the 
sand-hill streams, according to the depth of the sand on their drainage 
basins, and by no means are all these streams good sources of power. 
Sand and gravel in general, although they absorb water rapidly, give 
it out rapidly also, unless occurring in sufficient masses to be able to 
store up considerable water without becoming saturated. Hence the 
depth of the sand-hills acts very beneficially, and when the sand is deep 
the streams of the class referred to not only discharge a large propor- 
tion of the rainfall on their drainage basins, but discharge it very uni- 
formly, their flow being remarkably constant. The power which can 
be obtained from these small streams is sometimes remarkable, as we 
shall see further on in a study of Hitchcocks creek in Richmond 
county. Their value is also increased by the fact that the topography 
of the sand-hill region is such that large ponds can be obtained 
easily, and storage-room sufficient, not only to regulate the flow 
to a considerable extent during the year, but also to permit of the con- 
centration of the entire flow of the stream into working hours, thus 
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rendering it possible to double the power due to the naftiral flow if the 
mills are only worked 12 hours. Those streams which have cut deep 
channels for themselves through the sand down to and into the imper- 
a4ous stratum of hard pan flow considerably below the general surface 
of the country, often 50 or 60 feet. The banks of the Big Rockfish, 
for example, are almost 100 feet high near the Cape Fear, and well 
wooded. These sand-hill streams are, of course, not subject to such 
heavy freshets as ordinary streams. Big Eockfish has been known to 
rise 14 feet, but 10 feet is a very large rise, while Little Eockfish rises 
only 6 or 7 feet. There is, however, not much land overflowed. The 
smaller streams, however, are sometimes bordered by wet grounds, 
heavily wooded and overgrown, nearer the general surface of the ground, 
and lying high above the beds of the main streams. Though the sand- 
hills are, as a rule, well wooded, the woods have in parts been cut down 
to a considerable extent, and it is stated, and doubtless truly, that the 
flow of the streams in these sections is more variable than formerlv. 

Judging from observations made on the sand-hill streams tributary 
to the Cape Fear, Yadkin, Catawba and Savannah, it would seem a fair 
allowance if we assume them to discharge at their minimum about 0.5 
cubic foot per second per square mile; at their low-season flow 0.65, and 
at their ordinary flow 0.75 to 1 cubic foot per second per square mile of 
drainage basin. 

Eegarding available power on these streams it was difficult to obtain 
much information, owing to the fact that the streams have a uniform 
declivity, with no falls, so that power may, as a rule, be obtained at 
almost any point where the banks are favorable for the location of a 
dam and buildings. 

The drainage basin of Eockfish creek lies below the fall line; and the 
stream has no falls, but a gradual declivity. The map shows the gen- 
eral form and position of the basin. Like the others of this class, it 
has no lakes, but the facilities for constructing reservoirs are tolerably 
good. The banks are moderately high, and seldom overflowed; the rise 
in freshets is small, the flow very constant and strong, and the fall 
rapid. The rainfall is about 50 inches, 12 in spring, 14 in summer, 
12 in autumn, and 12 in winter — a distribution which, of itself, would 
tend to render the flow constant. Of the available power on this stream 
but a small proportion is being utilized. Formerly there were one or 
two saw-mills located on it below the mouth of Little Eockfish creek, 
but these have all disappeared. Above this point there is one cotton- 
mill (Hope mill No. 2), a few small saw- and grist-mills, and several 
promising but undeveloped waterpowers. 
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At Hope mill No. 2, located on the north side of the stream but a 
short distance above the mouth of Little Rockfish creek, there is a 
wooden dam 18 feet high, giving a fall of 18 feet and backing the water 
for a distance of two miles. The mill contains 210 looms and 10,000 
spindles, which are operated entirely by waterpower, about 200 horse- 
power being utilized, and the supply of water is ample during even the 
dryest jears. 

LITTLE ROCKFISH CREEK. 

Little Rockfish creek, a tributary of Rockfish creek, is the same in 
general character as the main stream, which it enters about 7 miles, in 
a straight line, from the Cape Fear. The first power on this stream is 
an unimproved site formerly occupied by ilurphy's paper-mill, with 18 
feet fall, and an available power, at all seasons, of at least 100 horse- 
power net (with good wheels), judging by the power used at the other 
mills on the stream. This power is one-fourth of a mile from the 
mouth of the stream, vnth. no important tributaries below it. The drain- 
age area above is therefore about 77 square miles. 

On Little Rockfish creek, about 1^ miles above its mouth, is the Hope 
COTTON-MILL Xo. 1, a cottou-mill, with grist- and saw-mill attached, using 
a power of about 175 horsepower, with a fall of 22 feet. The dam is 
of wood, 53 feet long and 22 feet high, rebuilt in 1872 at a cost of 
about $2000, and ponding the water over about 200 acres to a depth 
of 7 feet. A race 300 feet long leads to the wheel. Ko steam is 
used for power, and by storing the water during the night full capacity 
may be obtained at all seasons, the factory being run during 12 hours. 
The present cotton-mills contain 192 looms and 5600 spindles. Mr. 
Oakman, the former president of this mill, carefully measured the water 
used by his wheels, and stated it to be 89.7 cubic feet per second, sav- 
ing the water at night; i. e. the natural flow of the stream is never less 
than 44.5 cubic feet per second. The drainage area above the mill 
being about 70 square miles, the stream discharges at its minimum 
0.63 cubic feet per second per square mile — a remarkable discharge. 

Two miles above Hope mill Xo. 1 is the Bluff cotton-mill (H. W. 
Lilly), a cotton-factorv, containing 3100 spindles and 64 looms, \vith 
a fall of 9 feet, using 60 horsepower. The dam is earth, 900 feet 
long, 18 feet high, built in 1872, and costing $5000, and the pond 
covers 75 acres to an average depth of 8 feet. Full capacity can be 
secured the whole year. The drainage area above being about 55 
square miles, the discharge of the stream should be very nearly 0.63 
cubic foot per second per square mile to give the power stated if the 
w^ater is stored at night. 
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On Beaver creek j 1\ miles above Bluff mill, there is another wat€^ 
power now utilized in running the Cumberland cotton-mill, which con- 
tains 88 looms and 3200 spindles. There is here a dam 500 yards long 
and 14 feet high, giving a head of 16 feet at the mill and said to 
develop 189 horsepower under a full head during the entire year. 
A calculation, on these data, gives the discharge of the stream so great 
that we are inclined to think that some of the figures must be erroneous. 
In fact, the amount of machinery run in the mill is not much greater 
than in the Bluff mill. 

Above the Bluff mill the Little Rockfish and its tributaries are well 
utilized by a number of small saw- and grist-mills. 

Above the Rockfish there are a number of smaller streams belonging 
to the same class which flow into the Cape Fear, two of which empty 
almost in the town of Fayetteville, and on which there were four fac- 
tories before the war, but the powers are small — not over 20 or 30 
horsepower, probably, during dry seasons. There are some small grist- 
mills on all these streams, generally running two pair of stones. 

On Blounis creek, in the town of Fayetteville, there is a water- 
power that runs the Fayetteville cotton-mill, containing 3120 spindles 
and operated by water supplemented by steam-power. The dam is 340 
feet long and gives a fall of 19 feet. About 85 horsepower is required 
to operate the machinery' of the mill, of which it is estimated that one- 
half is furnished bv the water. 

Carvers creek is a small tributary' about 7 miles above Favetteville, 
which, a short distance from its mouth, falls over a ledge of hard pan 
and soft rock a distance of 18 or 20 feet, but in dry weather the supply 
of water in the stream is much reduced. It operates King's saw- and 
grist-mill. 

Lower Little river, which rises in Moore county and flows east through 
Cumberland, and between Cumberland and Harnett, emptying into the 
Cape Fear below Averasboro, is the next important stream above Rock- 
fish. Its length is 45 miles in a straight line, and its drainage area 
about 448 square miles. The principal town on the stream is Man- 
chester, a very small place. This stream, with its tributaries, may be 
classed among the sand-hill streams, but its basin lies near the upper 
limit of the sand-hill belt, and so the general character of the sand-hill 
streams Hike the Rockfish) is not so pronounced here, the flow being 
not quite so constant and the freshets rather more violent, the water 



TRIBUTARIES OF THE CAPE FEAR RIVER. 



148 



rising some 15 feet. The banks are high and well wooded, and the 
bed of the stream the same as has been described; the country, as a 
whole, is not so sandy. The fall of the stream is uniform, and at the 
rate of 3 J feet per mile.' The flow is estimated as follows: 

Table op Estimated Power on Loweb Little river. 



Place. 



At mouth 

At Manchester. 



9 

bo 

a * 
Q 



Square 
miles. 

448 
329 



Flow, 
per second. 



Horsepower, 
ffross. 



Mini- 
mum. 



Cubic 
feet. 

224 

164 



Ordinary Mini- Ordinary 
summer.! mum. summer. 



nuilzed. 



Horse- 
power, 
net. 



Fall. 



Cubic 
feet. 

896 
246 



Per foot Per foot 
fall. fall. 



25.4 
18.6 



88.2 
28.0 



100+ 
20 



Feet. 

12.0 

8.5 



•fl k 00 

8 4) -a 



ao4 

65 



In the foregoing estimate 0.5 cubic foot per second per square mile 
was assumed as the minimum flow, and 0.75 cubic foot per second per 
square mile as the ordinary low-water flow. These figures are very high 
— perhaps too high — but a series of gaugings only can serve as a cor- 
rect guide. 

The power of the stream was formerly utilized by one cotton-factory 
and a number of saw- and grist-mills. The first mill is 2^ miles from 
the mouth, with a fall of 12 feet, not subject to interruption, except 
sometimes for a day or two by backwater from the Cape Fear. At 
Manchester was the cotton- and woolen-mill of the Linwood Manufac- 
turing Company, using a fall of 3^ feet and about 20 horsepower, but 
this has been abandoned for some years. Just above the railroad crossing 
at ilanchester there is a small saw-mill operated entirely by water- 
power. 

The Manchester mill, a cotton-factory of about the same size, uses 
power from a small tributary. It contains 55 looms and 2200 spindles. 
There is a dam 18 feet high and 60 yards long, giving a fall of 22 feet. 
The power obtained from this stream is estimated to be 35 horsepower 
during half the year. This is supplemented by steam-power. There 
are doubtless many places on Lower Little river where dams might be 
located and excellent power obtained. 

Upper Little river is a stream similar to Lower Little river, except 
that it is still less of a sand-hill stream, and said to be not so bold or 
so reliable as the latter. It is only used for saw- and grist-mills, and 
there are, no doubt, sites not used. Each of these streams is about 



* The elevation above tide at crossinK of lialei^b and Aug^usta Air-Line railroad is al)Out 221 
feet, and at mouth saj' .31 feet. Length, measured from map. is about r>5 miles. 
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100 feet wide at its mouth. The length of Upper Little river is about 
32 miles, measured in a straight line, its drainage area 176 square miles, 
and its fall, from the crossing of the Raleigh and Augusta Air-Line 
railroad to its mouth, about 290 feet, or perhaps at the rate of 6 feet 
or over to the mile. 

On the numerous small streams in Cumberland county there are 
undeveloped and partially developed waterpowers which w^ould serve 
to operate saw- and grist-mills and even larger manufacturing estab- 
lishments. 

Above Upper Little river there are no tributaries to the Cape Fear 
which are worth mentioning specially, although there are some small 
creeks which afford good small powers, and are utilized for grist- and 
saw-mills. 

THE CAPE FEAB TBIBUTAEIES— HAW BIVEB. 

This river -rises in Rockingham and Guilford counties, North Caro- 
lina, pursues a general southeasterly course through Alamance, a comer 
of Orange and Chatham counties, and in the southeastern corner of the 
latter unites with the Deep river to form the Cape Fear, which has 
just been discussed. The length of the stream, following its general 
course, is about 80 miles, but considerably more if all its windings are 
followed. Near the northwest corner of Alamance coimty the river 
forks, the north fork going by the name of Haw river, while the south 
fork is known as the Reedy fork of Haw river. The Reedy fork, as 
woll i\s the north fork in its upper parts, flows nearly east, but the 
course of the stream below the junction of the two is nearly southeast. 
There are no large towns on the river. Haw River, at the crossing of the 
North Carolina railroad being about the only town, but Graham, the 
county-seat of Alamance county, and Burlington, are only a few miles 
distant. 

The drainage area of the Haw river comprises about 1675 square 
miles, and the stream receives two important tributaries: the New Hope 
creek, from the east, draining about 317 square miles, entering about 
3 miles above the junction of Haw and Deep rivers, and Alamance 
creek, from the west, draining about 237 square miles and entering the 
Haw river about 4 miles south of Graham. The Reedv fork receives 
as its principal tributary Buffalo creek, from the south, draining about 
128 square miles, and the north fork receives Troublesome creek, from 
the north, with a drainage area of about 88 square miles. The map 
shows the position of all these streams. 

Haw river flows through a fertile country lying in the center of the 
cotton-belt, and the productions of which are about the same as along 
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tho upper part of the Cape Fear, viz. com, cotton, wheat, oats, rye, 
tobacco, grasses, a great variety of vegetables and fruits. It is toler- 
ably well wooded, although not enough care is taken to preserve the 
forests. Topographically, the region, especially in the lower part, is 
more broken than the drainage basins of the Xeuse, the Tar, or the 
I^oanoke rivers. The mineral resources of the basin are considerable, 
iron being found in various places in quantity and of good quality. 
Copper has also been found, but the mines have been little worked. 
Building stone of good quality is found all through the basin. 

The bed of the stream is generally rock, covered in places with 
deposits of sand, gravel, or clay, but affording almost every^vhere excel- 
lent foundations for dams. The banks on the lower part of the stream 
are tolerably high, in some places verv^ steep, and the bottoms are 
narrow and not much subject to overflow, while in the upper part of 
the stream, where the coimtry is not so broken, the banks are, in places, 
low. In the upper parts of Alamance and Guilford counties the country 
is much flatter than in Chatham county. The stream is subject to 
very heavy freshets, and there are no lakes serving to restrain their 
violence; but the stream is rarely frozen over, and the mills 
suffer no trouble with ice. Some of the tributaries of the stream rise 
in a region where the prevailing rock is a slate, which is covered with a 
thin soil and sometimes with none at all; and from this region the 
rain-water is shed very rapidly, so that these small streams are nearly 
dry in summer. The lowest stage of flow on the Cape Fear river of 
which we have any record (1897) was equivalent to a discharge of 0.076 
<*iibic foot per second per square mile of drainage area, while the mean 
discharge for an entire month (October, 1897), including freshets, was 
only 0.12 cubic foot per second per square mile. Tlie facilities for the 
construction of storage-reservoirs are said to be good in the upper part 
of the stream, though no sun^eys or examinations have ever been made 
-with a view to determining this point accurately. 

The rainfall in the valley of the Haw river is about 45 inches, dis- 
tributed as follows: spring, 12; summer, 12; autumn, 11; winter, 10; 
its distribution throughout the year appears to he quite uniform. 

The fall of the stream between different points will be seen from 
the following table, which gives the elevation at several points; and it 
will be remarked that the fall of the stream is quite large for one not 
rising in the mountains, being much larger than that of any stream, 
or of any part of a stream, which we have yet considered, which lies in 
the middle division: 
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Tabu or DBcuvrer— H*w ritkb. 
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AtorOMlDBOf Nortb Carol I DB railroad GO «>' 1 _ 
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Heeayfork, at oro»«log or Piedmont AlivLlne M ST8 [ S^*' BOOi d.T 

The flow of the stream iu different seasons is not known with accu- 
racy. Professor Kerr states the flow at its mouth to be 1760 cubic feet 
per second, but as this is not low water, and probably more nearly the 
average flow, it is of no value for our computations. It ia therefore 
necessary to base our figures, as usual, on estimates from drainage area 
and rainfall. A statement of the results of flow measurements made on 
Haw river about 1 mile above its mouth will be found on p. 301. Meas- 
urements on the Cape Fear at FayettevUle are given on pages 302-305, 

Haw river (crossed almost at right angles by three railroads) is not 
very accessible. Especially is this the case with that part of the river 
below the crossing of the North Carolina railroad at Haw River, in 
Alamance county, while above that point the stream is, on the average, 
about 8 miles from the railroad, to which the Reedy fork runs nearly 
parallel. 

WATEKFOWEK ON HAW RIVEB. 

The foregoing general sketch shows that the Haw river ought to 
afford a great deal of waterpower on account of its rapid fall and the 
fact that it crosses the ledges of rock at large angles, and the following 
account of the power on the stream will show that this is the case, 
and that the Haw river is well fitted, in some respects, to become a 
considerable manufacturing stream, and indeed it is at the present time 
one of the principal manufacturing streams of the state. 

Commencing at the month of the river tlie waterpowers met with, 
in ascending the stream, will now be described. 

Bland milt, site. — The first power is situated 3 miles from the 
junction, and just below the mouth of New Hope river. It was for- 

' DtatiinceB based on meHeuremonta from a map. made to follow the windings aa closelj' at 
wB» practleable. 

' I'njfrT"w.r Kerr's BtitemcnUs thnt tlie rivtr alTimlE. a« horsej-ower per foot of fall at Hb 
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merly utilized by a mill belonging to the American Iron and Steel 
Company, and known as the " Bland mill." The banks on the east 
are favorable for building, and not often subject to overflow, while on 
the west rises a rocky bluff to a height of over a hundred feet, which 
can supply an abundance of stone for the construction of a dam and 
foundations. Diagonally across and up the river from the east bank 
to this rocky bluff extended a dam, a wooden structure, 300 feet long, 
7 feet high, vertical in front, but sloping downward on the up-stream 
side, and throwing the water back for over a mile, with an average width 
of 200 feet, the river not being thrown out of its banks. At the east 
end of the dam was a grist-mill, running two pair of stones, with 7 feet 
fall, and using perhaps 20 horsepower net. This mill was run during 
eleven months of the year, but during the remaining month was troubled 
with backwater on account of the small fall. There was at all times, 
of course, a great excess of water. In the summer of 1880 about 80 
feet of the dam at the western extremity was undermined and carried 
away by a freshet. It was subsequently rebuilt, but was again washed 
awav. The river here is about 250 feet wide, and the water rises verv 
high in freshets, sometimes 20 or 30 feet, but there is no trouble with 
ice. The drainage area above this power being about 1675 square miles, 
the power is estimated as in the following table: 



State of flow. 



Table of Powek at the Bl.and mill. 

Fall. 



Drainage 
area. 



(See pages 64 to 59.) 

Minimum 

Minimum, low season 

Low season, dry years 



Sq. miles. Feet. 



f 



•1,675 



Flow per 
second. 



Cubic feet. 

(380 
K»35 



Horsepower available 
gross. 



1 foot fall. 

82.8 
88.0 
43.5 



7 feet fall. 

225 

270 

aou 



The effect of the uniform distribution of the rainfall is to render the 
flow more variable and to decrease the minimim:! flow, while at the 
same time the total amount of power or flow available, with storage, 
is increased beyond what it would be were the sunmier fall greater. It 
is stated that the flow of this stream is very variable. To render 
the maximum flow available, with storage, would require the con- 
struction of storage-reservoirs with a capacity in all of at least 900,- 
000,000 cubic feet, which would require, for instance, if only one 
reservoir were used, one of say 2 miles square and between 8 and 9 
feet deep. Such a large amount of storage would, of course, be very 
exf tensive. The pond at the Bland mill was, of course, not large enough 
to furnish any appreciable storage, or to allow of the concentration of 
the available power into wc^rking hours. The site is not an especially 
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good one for large establishments on account of the small fall and the 
trouble resulting from backwater. It is, however, very favorably 
located within a few miles of the Raleigh and Augusta Air Line rail- 
road, and in a healthy part of the state. 

Hartsaws mill site. — The next power above this is situated about 
2 miles further up the stream, and is not improved. It is known as 
Hartsaws site, and it is said that the available fall amounts to 6 feet. 
Being above the mouth of the New Hope, the drainage area amounts 
to about 1320 square miles, and the power available will be about 0.67 
of that at the Bland mill, or as follows: 



Power at Hartsaws site. 



State of flow. 

(See pages M to 69.) 

M inimum 

Minimum, low season 

Low season, dry years 



Drainage 
area. 



Fall. 



Flow per 
second. 



Sq. miles. 

i i,aso 



Horsepower available, 
gross. 



Feet. I Cubic feet.: i foot fall. 



6 



) 



218 
Sd4 

800 



24.7 

ao.o 

84.0 



6 feet fall. 

150 
180 
SOO 



MooBES MILL SITE. — The uext power is Moores mill, improved and 
in use, situated some 3 miles above Hartsaws. There is no dam, but 
a race some 200 yards long leads to the mill — a grist-mill, ^vith 2 or 3 
run of stones. Formerly there was also here a saw-mill, cotton-gin 
and foundry, using a fall of some 10 feet and a small amount of power. 
The shoal is about a mile long, and the total fall is said by good judges 
to be about 22 feet; but the place has not been examined, and this state 
ment cannot be vouched for. In drv" weather a rough dam of stone turns 
the water into the race, but this is disturbed in freshets, and in ordinary 
times is not necessary. The power formerly used we are unable to state 
exactly; that available, assuming the fall to be 22 feet, is estimated in 
the following table : 



Power at Moores mill. 



<4fof« nf fir.w I Drainage Fall Flow per , Hor8ei)ow#»r Rvailnble, 

acateoinow. | ^^^^ assumed, second. | uross. 

(See pages 54 to 50.) | Sq. miles 

Minimum » | 

Minimum, low season ' V 

Low season, dry years » 



Feet. Cubic feet. 1 foot fall. 



1,300 



22 



214 
260 
2fl5 



24.0 
30.0 
ai.T 



28 feet fall. 
.t25 

740 



This site, one of the best on Haw river, is quite easily accessible, 

being only about six miles from the Ealeigh and Augusta Air Line 

railroad, and about the same <listaiice from Pittsboro, the county-seat 

of Chatham county. It is well worthv of the attention of capitalists 

^desiring to locate in this vicinity. 



WATERPOWEE ON HAW RIVER. 



149 



"Williams mill site. — The next power is about 1^ miles above 
]^[o(Tes mill and is known as Williams mill. It is a small saw- and 
grist-mill and foundry, all very much in need of repair. There is a fall 
of about 7 feet in use, but the dam could be raised and from 3 to 4 
feet more obtained without overflowing any valuable land. The site, 
however, is not a \ery good one for a mill of any size, as the river is 
divided by an island half a mile long or more and the river is very 
wide. The pond is about 450 yards long, and starting from its head 
there is a fall of 12 to 14 feet in the next three-quarters of a mile. 
The river is, however, full of little islands. 

!Next comes a second unimproved site, known as the Seven Island 
shoal, where the fall is said to be 7 feet. It is 2 miles above the one 
last mentioned, and the power is tabulated beyond. 

Hexley's mill site. — Xext comes the mill site formerlv owned bv 
Stephen Henley, now owned by W. L. London of Pittsboro, about 1^ 
miles above Seven Islands, and just about on the road from Pittsboro 
to Raleigh, and 12 or 13 miles from the mouth of the stream. A 
wing-dam 500 feet long and 3^ feet high extended across to an island 
and served to turn the water into the race, which carried it about 100 
vards, affordinc: a fall at the mill of 8 feet. The dam was built in 
1874 and 1875 at a cost of some $500, and is of rock, planked over, and 
backed the water some 600 feet. There was here formerly a grist-mill, 
which used al»out 50 horsepower. It was situated on the west bank, 
but the principal channel of the river is on the east side of the island 
above referred to, which is about half a mile long. The mill is not 
now used. The fall at this place is estimated at about 10 feet. Tak- 
ing this estimate as correct (though we cannot vouch for it), the avail- 
able power at this place may be estimated as follows: 



Table of Powbk at Henlvy's mill. 



state of flow. 



Drainage 
area. 



(See pages 54 to 59.) 

Minimum 

Minimum, low season 

Low season, dry years ^ 



S^i. miles. 



} 



1,285 



Fall 
assumed. 



Flow per 
second. 



Horsepower available, 
gross. 



Feet. Cubiofeet. 1 foot fall. 



16 



) 



200 
260 
205 



22.7 
30.0 
33.7 



16 feet fall. 

360 
4«n 
540 



The next power is Brown's old mill site now owned by Daniel Till- 
man. The fall here is about G feet in 350 or 400, over loose rock 
bottom. The east bank of the stream here is rather soft and muddy 
and a good dam could not be built. Two mills have been washed away 
hero, and the site is nf very little importance. 

The next is an unimproved fall of some 8 feet, belonging to the 
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Bynum Manufacturing Company, formerly used, but now altogether 
abandoned. The estimated power is given in the table. 

Bynums mill. — The most important waterpower on this portion of 
the river is that at Bynums, four miles above Henley^s mill and 17 
miles above the mouth of the river. Here is located the cotton-mill of 
the Odell Manufacturing Company (containing 4500 spindles), a 
cotton-gin, corn-mill, and roller flour-mill, all operated by water from 
the same race. The dam is 3i feet high and 500 feet long, ponding the 
water over 10 or 12 acres. A race 600 yards long leads to the mill, 
where the fall is 16 feet and the power developed is about 125 horse- 
power. 

The following table gives the estimated flow and power: 

Tablb or Power at Btnums. 



State of flow. 



Drainaire 
area. 



(See pages 54 to 50.) 

MiDimum 

Minimum, low season 

Low season, dry years 



{ 



1,280 



Fall. 



Flow per 
second. 



Sq. miles. I Feet. Cubic feet. 



Horsepower available, 
flrrose. 



16 



i 



aoo 

250 
280 



1 foot fall. 

28.4 

28.4 
32.4 



16 feet fall. 

375 
450 
510 



One mile or less above Bynums is R. J. Powell's mill site, the mill 
having been burnt some years ago. The dam was of wood and stone, 
extending entirely across the river, and a fall of about 7 feet was used. 

Less than a mile above Powell's is Burnett's unimproved site, where 
the available fall is said to be about 6 feet. 

Pace's mill. — A short distance above this is Pace's mill. The dam 
here is 100 feet long and 8 feet high, from which a race 450 feet long 
leads to the mill, where a fall of 14 feet is used. ilr. Pace has a flour- 
and corn-mill, with four pair of stones, a saw-mill, wagon-shop and 
blacksmith-shop. He writes that upon his property, which extends for 
three-quarters of a mile along the river, there are two sites not used — 
one below the mill, with 10 feet fall, and another above, with 13 feet 
fall — available, with a dam 4 feet high, 600 feet long, and a race 600 
feet long. 

Table of Power at Pace's mill. 



State of flow. 



Drainafir*^ 
area. 

Sq. miles. 



(See pages 54 to 59.) 

Minimum 

Minimum, low season i ^- 1,209 

Low season, dry years ) 



i 




Flow, per 
second. 

Cubic feet. 

192 
237 
273 



Horsepower available, 
jrross. 



1 foot fall. U feet fall. 



21.8 
27.0 
31.0 



305 
378 
434 
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The next mill above Pace's is Love's, about three miles above, but 
between the two it is said that there are several sites not used. The 
river is said to be quite rapid at this point of its course. At Love's mill 
there is a dam across the river 700 feet long, giving with a race 400 
yards long, a fall of 11 feet at mill, which is a grist- and saw-mill. 

Above Pace's mill, and about 2i miles from Love's mill, there is the 
old site of the Willis Dark mill. There was a grist-mill here, but at 
present both mill and dam are gone. The fall is small — about 6 feet 
in nearly a mile — but a good dam could be built and there ii ample 
building room. 



Table of Power at Love's mill. 



state of flow. 



(See pages 54 to 69). 

MiDlmum 

Minimum, low season 

Low season, dry years 



Drainage 
area. 




Sq. miles. 



\ 



1,155 



Flow per 
second. 



Feet. 


Cubic 
feet. 


11 


( 184 
< 280 
1 200 


_. _ 


. . 



Horsepower avail- 
able, gross. 



1 foot fall. 

20.9 
20.1 
29.5 



11 ft. fall 

230 
280 
320 



Above Love's mill, the first site is knowh as the " Jeanes' " fall. 
Here there is a fall of about 6 feet in 600, over rock ledges. The loca- 
tion is not a very good one for building a dam. 

The first improved power above is some ten miles farther up, in 
Alamance county, near the Orange line. Before leaving Chatham 
county it may be said that, according to the foregoing, it is clear that 
Haw river offers a large amount of power in its course through the 
county, very little of which is utilized, but a large proportion of which 
is available. The bed and banks are almost everywhere good, the coun- 
try hilly, but not mountainous, and the climate healthy. A disadvan- 
tage in the use of the small falls which have been mentioned lies in 
the sudden and large rise to which the river is subject on account of 
the narrowness of the bottoms. Although in some places the fall is 
considerable in a short distance, yet on the whole the declivity of the 
stream seems to be tolerably uniform, while the width of the stream 
seems to be on an average some 400 feet or more. 

Saxapahaw. — The next power above Love's mill is Saxapahaw fac- 
tory, near Saxapahaw. The dam extends entirely across the stream, 
and is about 375 feet long and 3 feet high, built of wood in 1878 and 
1879, and backing the water about a mile, with an average width of 
350 feet. A race a mile long leads to the factory, where 160 horse- 
power is said to be developed with 19 feet fall. The mill is a cotton- 
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mill, containing 4704 spindles and 100 looms. Estimates of the power 
will be found in sufficient detail in the table giving the summary. This 
mill being above the mouth of the Big Cane and several other creeks, 
the stream is considerably smaller than at Love's. 

Xewxin's mill. — The next power above Saxapahaw is at Xewlin's 
grist-mill. The dam, now in bad condition, is of wood and stone, 1)00 
feet long and 5 feet high, built in 1875 at a cost of $3500; and from it 
leads a race, 400 yards long and 10 feet wide, conducting the water to 
the miil, where the fall is 9 feet, the power used being probably some 
40 horsepower net, with three turbine-wiieels. The pond covers some 
30 or 40 acres, w^ith an average depth of 6 feet or over, but the stream 
is not thrown out of its banks. This power is located 2^ miles above 
Saxapahaw in Alamance county. The power is estimated in the table 
on p. 155. 

The next power is an undeveloped one owned by the Virginia Cotton- 
Mills Company, of Swepsonville, Alamance county. There was for- 
merly a grist-mill here, operated by Seymour Puryear, but this has long 
since gone down. The available fall here is some 7 or 8 feet, and we 
understand that a project is now^ on foot to develop this site and trans- 
mit the power electrically to Swepsonville, about one mile above. 

ViRoiNLA. CoTTON-MiLLs. — The iicxt mill is that of the Virginia Cot- 
ton Mills Company. This mill contains 200 looms and 4100 spindles. 
The dam is of w^ood, 550 feet long, 7 feet high, built in 1876 at a cost 
of about $3000, and from it a race 450 yards long leads to the mill, 
where the fall is 13 feet and the power used KJO horsepower, devel- 
oped by two 61-inch turbine-wheels. Full capacity can be obtained all 
the time except in the drvest seasons. The factorv was burned in 
June, 1881, but has been rebuilt. 

Granite Cotton-mills. — We next come to the Granite cotton-milb, 
owned by the Thomas ]M. Tlolt Manufacturing (Vnnpaiiy, at Haw Kiver, 
just above \\w crossing of the ^'ortli Carolina railroad. These mills 
contain 8500 s])indles and 430 looms, all operated l\v waterpower. The 
dam is of wood and stone, 640 feet loni»* and 12 feet hiirh, and backs 
the water about IJ miles. There is no race, the mill ])eing located 
directly at the dam. The workina- head is 12 feet and the power devel- 
oped is 450 horsepower, developed by two 00-iiieli turbines, set in a 
forebay of masonry costing- about $25,000 (tiii'. 14). These mills are 
frecnientlv troubled bv lack of water in drv seasons, and have an aux- 
iliary steam-] >1 ant. 

At the head of the Granite mill ])ond is Sellei's' mill site, not now 
used, said to have 12 feet fall. 
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Jdasita Cotton- mill. — Two and oue-lialf miles above is the Juiiiiita 
cotton-miJJ, containing 0300 spindles. The fall here is 14 feet, 7 being 
given by the dam, which is of wood and 4(!T feet long, backing water for 
throe-quarters of a mile. Tbe race ia 200 feet long. The power dcvcl- 
ojied ia 136 tt> 140 horsepower, given by two r>S-inch tnrbine- wheels. 
In very drj- seasons about one-half day a week is lost for want of water. 
The company also operates n small grist-mill. 

Cakoltxa Cotton- m I i.l.-^ — About one mile above the Juaoita mill is 
the Carolina eotron-mill (J. II. A- AV. E. Holt & Co.), which contain 58 
looms and 3070 spindles. The dam was built in 1S6S, and is a frnme 



dam with stone abutments about 200 feet long and 6 feet high, making 
a pond of 3 acres and giving a fall cif 15 feet at the mill, three-quarters 
of a mile Ik'Iow, wliert' 150 liorsepower is used, 

(.'i.KxcoK iliLL. — One mile above is tlic Olencoe mill, containing 
1 SO looms and 3500 spindles, on the .'ite of the old Company mills. The 
dani. I'onstrueted of stone and wood, was built long ago and is about 
'6-20 feet long and i) feet higli. giving a fall of 15 feet with a race 400 
yanls long. It is claiimd tliat IflO liorsejiower can I)e obtained during 
at least 90 per cent, of the time. 

Two and onc-haif miles north of Kurlington is an old jri'i.'^l-uiill (Ire- 
land's) not now nsed. The fall is said to be C feet. 
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Altamahaw Cotton-mill. — The highest power on the river is about 
5 miles from Gibsonville station on the North Carolina railroad. This 
is the site of the Altamahaw cotton-mill, owned by Holt, Gant & Holt, 
containing 394 looms and 6500 spindles. The dam is 350 yards above 
the mill and is 300 feet long and 15 feet high, backing the water three 
miles. The fall at the mill is 20 feet, and the horsepower used in the 
mill is 300, 50 of this being obtained from the engine, which is used 
all the time. The dam is of stone, built some years ago. 

From the above sketch it will be seen- that the waterpower on Haw 
river is quite extensively used, especially on the upper parts where the 
stream is more accessible. Haw and Deep rivers, together with the 
south fork of the Catawba, yet to be described, are, in fact, the prin- 
cipal manufacturing streams of North Carolina. 
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THE TRIBUTARIES OF HAW RIVER. 

The first considerable tributary- met with in asoeiiding the river is 
New Hope rivery which enters from the west, after flowing through 
Orange and Chatham counties, and draining an area of some 317 square 
miles. The substance of what can be learned regarding this stream is 
that it is generally sluggish, flowing through a level country, and with- 
out waterpower of any importance, the only mills being a few small 
local grist-mills and saw-mills. The power used is tabulated farther on. 

Clover Okciiard and Snow Camp Mili^. — The succeeding tribu- 
taries of the Haw river arc small and unimportant until we reach Cane 
creek, which enters from the west, at the extreme southwest corner of 
Orange county. It rises in the extreme west of Alamance county, with 
some tributaries from Chatham, and flows verv nearlv due east and onlv a 
mile or so from the county-line, but without leaving Alamance. It has 
more fall than the streams entering Haw river from the east, but is 
specially mentioned chiefly on account of its having had located on it 
one factory, the Clover Orchard cotton-factorv% which is situated some 
10 miles from its mouth. The length of the stream, in a straight line, 
is about 20 miles, and its drainage, area 73 square miles. The factory 
above refen*ed to was closed some years ago and the machinery removed. 
With it was connected a grist-mill, both using a fall of 23 feet and r>0 
horsepower, which could be obtained during nine months of the year, 
the average during the remaining three months being 25 horsepower, 
during which period auxiliary steam-power was used. The mill being 
run only during 12 hours, and tlierc being no waste at night in dry 
seasons, the natural flow of the stream would afford only, say, 10 horse- 
power in low seasons, and probably much less when at its lowest. The 
dam is of rock, 120 feet long and 17 feet high, and backs the water 
about a mile; the factorv is 300 vards below. 

A mile or more above the old Clover Orchard factorv site is the Snow 
Camp woolrn-niill, which contains 11 looms and 400 spindles. A dam 
12 feet high and 70 feet long gives a fall of 10 feet, and is claimed to 
develop 40 lior^e])o\vur during the larger part of the year. This is 
supplemented by a small st'*ani-])lant. 

Alamance and Bellemont Cotton-mills. — The next important 
tributary- is Ahimancr creel', which rises in the eastern part of Guil- 
ford county, pursues a general direction nearly due east, emptying into 
Iliuv river about 4 miles Ix'low the railroad crossing. Its lenirth is in 
the neighborhood of 25 miles, and its drainage area about 237 square 
miles. It receives as tributaries two creeks called Little Alamance, 
from the nortli, and Stinking (Quarter creek, from the south. There 
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are only two powers on the stream worth mentioning, viz. Alamance 
cotton-factory (E. M. Holt's Sons) and Bellemont cotton-mill (L. B. 
6c L. Holt). ' 

Alamance cottox-mill contains 94 looms and 9 GO spindles, using 
about 50 horsepo^ver. The dam is of stone, 10 feet high and 125 feet 
long, and with a race 250 yards long, gives a fall of 12^ feet at the mill. 
There is a supplementary steam-plant that is used during verA' dry 
seasons. 

The Bellemont mill is located on Big Alamance ci*eek about 5 miles 
from Burlington. It contains 2592 spindles and 126 looms and uses 
about 150 horsepower, developed for nine months of the year by water, 
for the other three it is necessary to supplement this with steam. The 
dam is 11 feet high and 100 feet long, built of wood. There is no 
race, the wheel-house being situated directly at the dam. 

REEDY FORK. 

The Eeedy fork of Haw river and the other tributaries and forks in 
the upper part of the drainage basin offer some powers utilized to some 
extent by saw- and grist-mills, and one cotton-mill (the Ossipee). The 
country is quite flat in the upper part of the basin, and there are no 
falls in the streams. 

Ossipee Mill. — The Ossipee mill is located on the south side of 
Keedy fork, about 1^ miles above the junction of this stream with Haw 
river. It contains 300 looms and 3600 spindles. The dam is 10 feet 
high and 150 feet long, giving a fall of 11 feet at the mill and develop- 
ing 160 horsepower during nine months. This is supplemented by 
steam during the dry season. 

THE CAFE FEAB. TBIBUTABIES— DEEP BIVEB. 

This stream rises in the w-estern part of Guilford county, Xorth 
< arolina, near the sources of the Haw river, flows in a southeasterly 
direction through Randolph county and into ^loore, where it bends 
quite abruptly, and flows a little north of east into Chatham county, 
where it joins the Haw to form the Cape Fear. Its length is about 
the same as that of the Ilaw river, and its drainage area is 1350 square 
miles. It has only one important tributary, Rocky river, from the 
north, which enters Deep river about -i miles above Lock^nlle, and 
drains an area of 205 square miles, all in Chatham county. The most 
important towns on Deep river are Lockville, near the mouth, Frank- 
linville. Cedar Fnlls, Ramsour and Randleman, in Randolph county. 

The drainage basin of Deep river resembles that of Haw river so 
closely that it is not necessary to describe it in detail. In its lower 
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part the river flows, with 8 tortuous course, through a narrow valley 
with abrupt banks, and, in a few cases, perpendicular and overhanging 
cliffs some 100 feet high. 

The rainfall on the basin is a little greater than on that of Haw river, 
with rather more rain in winter, as will be seen from the maps in the 
Smithsonian pnblications. The flow of the river is rather more varia- 
ble, owing probably to the fact that a greater number of its tributaries 
rise in the slate country and become nearly dry in summer. For the 
same reason, the freshets are, on the whole, more violent, and the river 
rises oftener above its banks, overflowing the bottoms on the lower part 
to a depth of 10 or 12 feet. On the upper part of the river there are 
probably sites for reservoirs, although Guilford and the neighboring 
eoimties are, on the whole, not very favorable for their construction, 
being too flat. 

The following are some elevations on the stream, with distances 
measured from the map, and resulting declivities; 
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From this it appears that the fall of the stream is not much different 
from that of Haw river, thongh greater in its upper part. 

Gangings of the Cape Fear river at Fayett«ville have been made by 
the U. S. Weather Bureau and tho V. S. Army engineers for 20 years; 
and by the U. S. Geological Survey and State Geological Survey for 
three years (fee pp. iiO-J-30'>); and gangings of Deep river, a short dis- 
tance nhove its jnnrlinn with tlie Haw, have been made during the 
past year (]>. 301). 

As will be seen from the map, the river is now fairly accessible, being 
crossed by the Durhniu and Charlotte railroad near Carbonton, and by 
the Southern railroad near Jamestown, and being tapped by the C F. 
A- Y. V. railroad at Gulf, Cedar Falls and Ramseur on the north- 
east side of the rivfr, and by the Southern railroad at Randleman on 
the southwest side. A nnmber of manufacturing pRtablishments have 
been located at various points, especially in Randolph county, shipping 
their products by the railroad lines just msntioned. 
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WATERPOWER ON DEEP RIVER. 

The following are the more important mills and sites: 
LooKviLLE. — The first power on the river is at Lockville, about 2 
miles from the mpiith of the river. The falls, known as Pullins falls, 
were overcome by the Navigation Company,* and navigation established 
around them by means of 2 dams and a canal leading down the river 
from the lower one, with an outlet-lock into the river at the lower end 
of the town, with a single lift of 24 feet. The lower dam is 600 or 
700 feet long, 11 feet high, built of crib-work filled with stone, with a 
vertical back, and a face sloping down to about 1 foot above low water, 
the base being 30 feet wide, up and down stream. It is said to have 
cost about $14,000. It does not extend straight across the river, but 
has the shape of a letter V, apex up-stream (Plate V), and backs the 
water half a mile,with an average width of about 700 feet, to the 
upper Lockville dam. The foundation is rock, and the dam is not, to 
any great extent, liable to injury by freshets. The canal which leads 
from the dam is less than half a mile long, with a guard-lock at its 
head having a lift of two feet, and the high lock at its outlet below. 
All along this canal are magnificent sites for mills, which could use a 
fall varying between 11 and 24 feet, with perfectly safe locations. The 
following mills were in use in 1881, all owned by the Navigation Com- 
pany, viz. 1 cotton-gin, 14 feet fall; 1 saw-mill, 16 feet; 1 grist-mill, 
16 feet; 1 foundry, 18 feet; 1 grist-mill, 18 feet; 1 machine-shop, 18 
feet; all on the canal, fed directly from it, and discharging the water 
into the river. The aggregate power used by these mills was not 
exactly known, but was, perhaps, in the neighborhood of 150 horse- 
power. Since that time the foundry and saw-mill have both been burned 
and abandoned; and the machine-shop has been replaced by a roller flour- 
mill, capacity 40 barrels a day, owned by John Barringer. The other 
sites and the general power are now owned by the American Iron and 
Steel Company. There was always a waste of water, and there were 
about 16 days in the year when there was trouble with backwater, the 
river at the outlet-lock being probably less than 300 feet wide. In 
high freshets the water rises 5 feet on the dam. The canal was 40 feet 
wide, and originally 6 feet deep. With a fall of a foot to the mile 
it could probably be made to carry the entire flow of the stream at low 
water; so that tlie entire power at this place is really at present avail- 
able, except that the wood-work of all the dams of the company was in 
bad condition, badly rotten, and there was considerable leakage. 

S(?e paflre 128. 
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The drainage area above this place being about 1350 s?qnare miles, 
the flow and power are estimated as in the following table: 

Tablb of Power Available at Lockville. 



SUte of flow. I Dnunage i p„, : Flow, per 



Horsepower available, 
gross. 



(See patres 54 to 59.) 

Minimum ) 

Minimum, low season v ],350 



Sq. miles. Feet. I Cubic feet.' 1 foot fall. 



216 , 24.6 

24 H 25« 1 29.1 



i 



24 feet fall. 

.590 
TOO 



I>ow seasons, dry years \ I / 293 i 33.3 800 

In our opinion in low wat^r the reservoir room would 1^ sufficient to 
allow of the concentration of power into 12 hours to such an extent as 
to increase the minimum power by 50 per cent, at least. 

This power is an excellent one in all respects. A branch of the 
Raleigh and Augusta Air Line railroad leads directly to the mills. 
There is an abundance of fine building stone in the neighborhood. There 
is no trouble with ice, and little with high water. The river is navi- 
gable up to Carbonton, so that the copper deposits near Cumnock, the 
coal-beds and the iron ores of the vallev are easv of access. The kx?a- 
tion is healthy, and indeed there seems to be no reason why a large 
amount of power should not be utilized at this place. The two Lockville 
dams, the Gorgas site, and the Buckhorn and Battles falls properties 
have been purchased recently (March, 1899) by a new electric power 
company, and are to be developed at an early date. 

The second Lockville dam, half a mile above the first one, was of 
similar construction, and extended straight across the river, its length 
being about 700 feet, its height 16 feet, and its pond 2 miles in length, 
up to the Gorgas canal, with an average Avidth of about GOO feet. This 
clam has been largely washed away, and it would probably cost some 
$12,000 to rebuild it. The lock at its north end is 115 feet long, 18 
feet wide, with a lift of 16 feet. The banks between this dam and 
the one below are steep and rocky on the north side and shelving on the 
south. The available power here could best be used on the south side, 
unless it were desired to use it at Lockville, in Avliich case a canal 
or flume should be built on the north side. A canal 20 feet wide and 
6 feet deep would probably suflice to carry the niiuimum flow, with a 
fall of li feet per mile. During the war there was a grist-mill on the 
right bank, but the dam was not sufficiently secured, and it w^as washed 
around at this end. It was rebuilt in 1874, when the last company 
put the works in order, and 150 or 200 feet of the south part were put 
ill, at a cost of $10,000, several accidents happening during the work. 
'J'lio power at this dam was easily availal)le, although there had been no 
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Steps taken to utilize it. The amount of water is the same as at the 
lower dam, and the available power less in proportion to the fall, i. e, 
two-thirds of that in the last table. In this case, too, the reservoir-room 
would probably be ample to allow of the concentration of power and to 
render double the low-season flow available during 12 hours. 

GoRGAs DAM. — Two and a half miles above the second Lockville dam 
was located the Gorgas dam, just below the mouth of Rocky river, 
extending straight across the river, about 600 feet long and 7 feet high, 
built of cribs filled with stone, vertical on both sides, and with a width 
of 6 or 8 feet, and backing the water up to the Endor dam, a distance 
of about 7 miles or a little less, with an average width of about 500 feet. 
It was washed away some years ago. This dam was at the head of a 
canal half a mile long, the third of the navigation canals, with guard- 
and outlet-locks, at the latter of which was a grist-mill taking water 
from the canal, using 7 to 8 feet fall and perhaps 20 or 25 horsepower, 
with 2 run of stones. Full capacity could be secured all the time, 
except for about 15 days in the year, when the river is high. The loca- 
tion is a very favorable one for building, and all the available power 
could easily be utilized along the canal, which is of ample capacity to 
carry the dry-weather flow. The drainage area above this place is about 
1300 square miles, and the amount of water and power less than at Lock- 
ville. It may be estinuited as in the following table. The pond being 
7 miles long, there is no doubt that the low-season flow could be con- 
centrated into 12 hours, so that the power given in the table would 
be doubled w4th a small diminution of head. Although this place is 
not quite so conveniently located as Lockville, it is easy of access from 
that ])lace, as well as from Cumnock, on the (^ape Fear and Yadkin 
Valley railroad, and the Raleigh and AVestern railroad touches the 
river near the old Endor furnace: 



Tablr or Power at Gorgas dam. 



State of flow. 



Drainage 
area. 



Fall. 



(See pa^es 54 to 59). i S<i. miles. 

Miniraum ) 

Minimum, low season 1,900 

Low season, dry years ^ 



Feet. 



Flow, per | Horsepower available, 
second, i gross. 



Cublcfeet.l 1 foot fall. 7 feet fall. 



( 



208 
247 

282 



23.6 


165 


28.1 1 


200 


a2.] 


225 



The ExDOK i)A>r, now washed away, was about 400 feet long and 4 

feet high, erossino- the river in the shape of a V, with a vertical face 

and inclined back half wav across, and an inclined face and vertical back 

for the reniainina distance. It was built of wood, and ponded the w^ater 

back to the (Jnlf dam, a distance of 10 miles. As far as the location 

goes, it could be ui^nl for power, but the fall is so small that it would 

not be advisable. It is not necessarv to consider it further. 
11 
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Gulf mills. — At Gulf is a crib-dam, with vertical face and sloping 
back, extending straight across the river, about 400 feet long, 10 feet 
high, and backing the water up to the Carbonton dam, 7 miles above, 
with an average width of pond of, say, 300 feet. At one end is a roller 
flour-mill of 60 barrels capacity and a grist-mill, also a 60-saw cotton- 
gin, using 10 feet fall and about 40 horsepower. The following table 
gives estimated flow and power, and, as in the former cases, it is prob- 
able that the power might, in low seasons, be increased to a consid- 
erable extent by drawing down the water in the pond during working 
hours. It is stated that by a little clearing of the river this fall could 
be increased to 12 feet. 

Table or Power at Gulf. 



State of flow. 



(See pages 54 to 59.) 

Minimum 

Minimum, low season 

Low season, dry years 



Drainage 
area. 



8q. miles. 
y 1.047 



Fall. 



Flow per 
second. 



Feet. Cubic feet. 

167 
194 
222 



10 



) 



Horsepower available, 
gross. 



1 foot fall. 10 feet fall. 

178 
220 
2.50 



17.8 

•WW 

25 



Cabbonton. — Carbonton dam is partly a franje dam, constructed of 
triangular wooden frames, set lengthwise up and down the river, and 
planked over, and partly a crib-dam, and is 300 or 400 feet long and 
9 or 10 feet high, extending straight across the stream, and ponding 
the water for 6 miles, the average width being about 200 feet. The 
power is utilized for a grist-mill, saw-mill and cotton-gin, using about 
36 horsepower and 10 feet fall. The available power is given in the 
table. 

Table of Power at Carbonton dam. 



State of flow. 



Drainage 
urea. 



Fall. 



Flow per ' Horsepower available. 



second. 



Kross. 



(See pa^es 64 to 59.) Sq. miles. 

Minimum ) 

Minimum low season I V 

Low season, dry years ^ 



1,010 



Feet. 
10± 



Cubic feet. 1 foot fall. 10 feet fall. 



IPO 
180 
206 



•ri 



1 

20.5, 
33.5' 



no 

5>05 
13ft 



Glendon flouring-mills are located on the next power, 6 miles above 
Carbonton. There is here a 16-foot wood dam, 300 feet long. There 
is no natural fall in the river at this point. 

At Glenns mills/ located at Glendon, 12 miles above Carbonton, 
there is a dam reported to be 400 yards long and 17 feet high, built 
of wood and giving a fall of 19 feet at the wheels. The dam is V- 
shaped, apex up-stream, and there is a grist-mill at one end and a saAv- 
mill and cotton-gin at the other. 



* Recently converted into a talc-mill. 



WATERPOWER ON DEEP BIVER. 



163 



The last of the navigation dams, Hancock's later called Tyser's, 12 J 
miles above Carbonton, has been washed away. It was of wood, 300 feet 
long and 10 feet high, with a pond 3 miles long and 200 to 300 feet 



wide. 



TaBLS of POWBR at OLENNS VILLB. 



State of flow. 



Drainage 
area. 



(See pages 54 to 59.) 

MiDimum 

Minimum, low season 

Low season, dry years 




Sq. miles. 

I 



814 



Feet. 



19 



Plow per 
second. 



Cubic feet. 

i 123 

147 
168 



I 



Horsepower available, 
gross. 



1 foot fall. 

13.9 
16.6 
19.0 



19 feet fall. 

265 
815 
361 



Carbonton is the head of navigation. The foundation of a lock was 
put in there, but the lock was never completed, so that boats never 
ascended into the pool of the Carbonton dam. 

We will now briefly mention and describe in order the remaining 
powers on the river, deferring to the summary of power for estimates: 

At Prosperity, Moore county, 6 miles above Glenn's grist- and saw- 
mills, is located W. K. Jackson's grist-mill. The dam is about 360 feet 
long, 8 feet high, built of wood and stone, giving a fall of about 8 feet 
at the mill, which is said to use 25 or 30 horsepower. Prosperity is 12 
miles from the C. F. & T. V. and Carthage railroads and 7 miles from 
the proposed Durham and Charlotte railroad. 

At Bio falls, about one and one-half miles above Prosperity, there 
is said to be an excellent power belonging to N. D. Woody & Sons of 
that place. There is said to be a natural shoal f of a mile long with 
a dam at its head 350 feet long and 4 feet high, of wood and stone. 
The fall at the mill is given as 15 feet, though it is said that a 20-foot 
fall is available. The stream is about 350 feet wide, with banks and bed 
of rock. This power is apparently well suited for the operation of some 
manufacturing establishment. 

Eitter's falls is an unimproved site three miles above Big falls, 
and is said to have an available fall of 10 feet. It belongs to Taylor 
Bitter, of Carters mills, Moore county. 

Howard and Moffet's mill, now owned by ShaflFner and Jackson of 
Noise, 'N. C, 12 miles below the Enterprise mill and 1-J miles above 
Eitter's falls. This is a grist-mill, running two sets of stones for wheat, 
one for corn and a smutter, each operated from a separate wheel. The 
head here is 8^ feet, derived from a 7-foot stone and wood dam through 
a race 150 yards long, and the power used is about 40 horsepower. The 
dam is about 300 feet long. 

For the next 8^ miles the river is quite rough, but in this region are 
no known falls or shoals of any particular merit. 
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CtARDNERs SHOAL is the first power worthy of mention above Moffet's 
mill, 8^ miles below, and is a small shoal on the land of L. Moffet, 
which is entirely undeveloped. There is said to be here an available 
fall of 10 feet in half a mile or more. The bed and the banks of the 
stream are of rook, thus rendering the development of the power more 
feasible. 

^\ oon's shoal, one and three-fourths miles furtlier ui>stream (owned 
by L. T. Moon), was the c^ite of an old gun-shop. The fall here is 
about 6 feet in 300 vards over rock bottom. The dam and other im- 
provements have disappeared. 

Siler's shoal, one and one-half miles above Moon's, and three-fourths 
of a mile below the Enterprise mills, is an imimproved shoal owned by 
D. F. Siler, Coleridge, X. C. There is said to be an available fall here 
of about 20 feet, in one-fourth of a mile over good rock bottom, and 
the shoal is otherwise one that can be easily utilized. 

The Enterprise mills are located on a shoal three-fourths of a mile 
above Siler's shoal. The cotton-mill on the northeast side of the river 
here operated by the Enterprise Manufacturing Company contains 4000 
spindles and uses about 150 horsepower. The dam is constructed of 
cemented stone, 3^ feet high, 360 feet long, and backs the water three- 
quarters of a mile. The race is 250 yards long, and gives a head of 20 
feet at the whwl, which is a LeflFel special turbine 44 inches in diameter. 
There is also a small flour-mill operated by water from the same race. 
The supply of water is ample for all purposes throughout the entire 

vear. 

«- 

Stout shoal. — One and one-half miles above Enterprise there is a 
shoal owned by Thos. Davis, having a fall of about 8 feet in 300 
vards. 

Cox's SHOAL, a mile and one-half above Stout's, is similar to the latter 
shoal, and is owned by Setli Cox, of Coleridge, X. C. There is here a 
natural fall of about 7 feet in 300 yards, entirely undeveloped. 

The Allex shoal is located two miles above the last and one mile 
below Kamsem*. Tliis undevel()])eil property is owned ])v Jackson 
Craven. It has a fall of about 14 feet in one-half a mile over a goixl 
rock bed with ]>anks SHital»le for building. 

Ramseuk. — The cotton-mill of the (\)lnm])ia ^lannfacturing Com- 
pany is located here on the northeast side of the river and eontains OOIG 
spindles and 325 looms. The dam is of stone, 12 feet liigh and 425 
feet long, hacking the water uj) to the Kandolpli Aijuinfaeturing Com- 
pany's mill. The race is 'M)0 yards long and the working head is 15 
feet. 'Jlie power ])lant consists of a Sampson 50-ineli tnrlnne-wheel, 
developing ISO horsepower, and a Corliss engine of 200 hoi^sepower. 
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It is estimated that 250 horsepower is required to nm the nlill, so that 
steam has to l>e used all the time. 

Franklin viLLE. — -Between 2^ and 3 miles above Ramseur is the mill 
of the Randolph Manufacturing Company, w^hich contains 3500 spin- 
dles and 112 sheeting looms, requiring 125 horsepower. The dam is 
of stone, 8 feet high and about 400 feet long. The race is 100 yard^ 
long and carries the water to two turbine-wheels, one of 30 inches, the 
other of 33 inches diameter. These are said to develop 143 horsepower 
under the head of 12 feet. The auxiliarv' steam-plant is of 125 horse- 
power, but this is used for only three months in the year. 

Half a mile up the stream from the above is the mill of the Frank- 
LiNviLLE Manufacturing Company, containing 2500 spindles and 40 
bag looms, and using about 90 horsejK>wer from the water for nine 
months in the year. During the remaining three months steam and 
waterpower combined are used. The dam is of stone, 5 feet high and 
400 feet long. The race is between 450 and 500 yards long and the 
fall at the wheel is 18^ feet. The power is developed by a special 
40-inch turbine-wheel, generating 112 horsepower. There is also a 
grist-mill and cotton-gin drawing water from the same race and using 
about 30 horsepow^er. 

Cedar Falls. — About two miles above the last-mentioned is the 
cotton-mill of the Cedar Falls Manufacturing Company, containing 
3936 spindles, ojx^rated entirely by waterpower. The horsepower 
required is developed by a turbine working under a head of 25 feet and 
having an estimated capacity of 125 horsc*power, given by three dams 
betw^een islands, one of 10 feet high and 150 feet long, and two of 7 
feet high and 280 feet long each, through a race about one-half mile 
in length. There is plenty of water to run the mill all the year. 

About one mile above this site there is an undeveloped shoal where 
the available fall is said to be 12 to 15 feet. 

Central Falls. — Two miles above the* last-mentioned site is the 
Central Falls mill of the AVortli Manufacturing Company. The dam 
here is of Avood, 9 feet high and 325 feet long, and backs the water up 
to the dam of the upper mill, a distance of three miles. The wheels 
are two in number, one 61-incli, the other 30-incli, developing about 
150 horsepower. Alxnit 50 horsc^jxiwer additional is developed by tli » 
supplementary st(»ain-phnit. which is us(m1 here all the time. 

Worthville. — Three miles above Central Falls is the site of the 
upper mill of the same coni]>any. The dam here is of stone, 17 fe(*t 
hi^h and 250 feet long. There is no race, the two s])ecial desitiu 
33-inch turlune-wlieels, wliieli (h^velop about 175 horsepower, beinu" 
located direetlv at the dam, which Imeks the water for li miles. There 
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is also a steam-plant capable of developing about 200 horsepower, but 
there is enough water to run by waterpower alone except in the very 
dry seasons. The two mills at Worthville and Central Falls together 
contain 10,000 spindles and 328 looms. 

Naomi Falls. — Four miles further up the stream from Worthville is 
the mill of the Naomi Falls Manufacturing Company, of Randleman, 
N. C. This mill was built in 1880, and contains 5000 spindles and 
298 looms for the manufacture of cotton cloth and cotton bags. The 
dam here is of wood and stone, 13 feet high and 300 feet long, back- 
ing the water about one-half mile. There is no race, the water going 
at the dam directly to the wheels, of which there are two, each 48 inches 
in diameter, the two developing about 130 horsepower. This is sup- 
plemented at all times by 50 horsepower (and more in dryest seasons) 
from the 150 horsepower engine which is maintained for this purpose. 

Randleman. — One mile above Naomi Falls and in the town of Ran- 
dleman are located the two mills of the Randleman Manufacturing Com- 
pany, the two containing 5000 spindles and 270 looms, both mills being 
run by water from the same race. The dam here is of stone, 12 feet 
high and 276 feet long, and backs the water 2^ miles without throwing 
the river out of its banks. The race is about 500 feet long and the 
working head is 12 feet, developing 175 horsepower, given by four 
turbines, three of 44 inches diameter, one of 40 inches. For about six 
months of the year there is enough water to run the mill to its full 
capacity by the use of waterpower alone. During the dry season this 
is supplemented by steam-power. 

There is said to be a shoal called the Island Ford shoal, located 2 
miles above Randleman, and said to have a fall of 10 or 12 feet. 

Walker's mill. — Four miles above Randleman is Walker's grist- 
mill, owned by S. Bostick & Son, Randleman, N. C. This mill con- 
tains two sets of com stones, one of wheat burrs, a fan-mill and a smutter. 
The fall here is 10 feet from an 8-foot stone dam, 300 feet long, which 
backs the water about 1^ miles. The race is 110 yards long and car- 
ries the water to two 20-inch turbines. No estimates of the amount 
of power used or available at any of these grist-mills could be obtained, 
the estimate of the amount of power used in running a set of stones 
varying from 8 to 12 horsepower, and the other machinery in pro- 
portion. According to the statements of the millers, however, there 
seems to be plenty of water to run all the machinery in the mills at the 
same time, if so desired, during the very dry seasons. 

Coltrain's grist-mill is three miles above Walker's and contains 
the same machinery as the latter. It is driven by four turbines, three 
of 18 inches diameter, one of 10 inches. The fall here is 10 feet, 
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obtained by an 8-foot masonry dam through a race 100 yards long. 
The dam is 200 feet long and back^ the water 1^ miles. 

Fkeemon's grist-mill is five miles above the last one. This mill 
was built in 1876 for a woolen-mill, and was run as such for some 
time, but the woolen machinery has been sold, and the building, two 
stories high, built of stone and brick, is used as a grist-mill. Three 
sets of stones are run, two com and one wheat, and a smutter, each 
driven by a separate turbine, three of 12 horsepower for the stones 
and one of 8 horsepower for the smutter. The dam is of masonry, 
12 feet high and 130 feet long and there is no race. The property is 
in good condition. The pond is one and one-half miles long and of 
an average width of 76 feet. There is said to be too little water here 
for running all the machinery at the same time unless the river is a 
little full. 

The Oakdale Manufacturing Company's cotton-mill, the next 
power site, is located five miles above Freemon's mill and four miles 
below Jamestown. The mill, which contains 3320 spindles, was built in 
1889, but there has been a mill on the site since 1866. The fall here 
is 25 feet, obtained by means of a 20-foot wooden dam 260 feet long. 
The race is 250 feet long, and carries the water to a 44-inch Leffel 
special turbine, developing, it is claimed, 190 horsepower when the 
water supply is ample. The dam backs the water one mile with an 
average width of pond of 100 feet. There is a steam-plant of 250 
horsepower capacity which is used to supplement the water in dry 
seasons. 

The powers above this point are too small to be of any practical 
value; and the only one known to be now in use is that at Smith and 
Ragsdale's bone-mill, about one mile above the Southern railroad cross- 
ing near Jamestown, and here probably not more than six horsepower is 
developed with a four-foot fall during ordinary stages of flow. 



THE CAPE FEAR BIVER AND TRIBUTARIES. 



M ^ ill yii 

liilii| || ^ li'i 1 ||'IIbb|| 

sBBEBaB =a a bbb b aaBBg||l 






Hi 

5 IS 

I i| 

Mi 



not mnminiR 






|gesggs£ 



11 



'jemntng □ 



■mam dfliuiiua j | ^I^Sli?.? 






$SSSSSS«$S$$$$$!S$SS$SS$ 






SiSISIs 



iian 



S :iPrrii5iti:£I£t3!Ke 



541 r 



■Si : ■iac^^*El|5-ge|.!£=fc=£|..-"*=^ 



WATEKPOWEB ON DEEP HIVEI 



169 



TRIBUTARIES OF THE DEEP RIVER. 

The tributaries of Deep river are of small consequence, and only 
6 of tlipin is worthy of special mention, viz. Rocky ricer, which riaea 

the northwestern part of Chatham county and flows southeast, join- 
s Deep river just above Gorges dam. The stream is utilized to a 
nsiderable extent by small saw- and grist-mills, but, like other streams 

the vicinity, it is subject to great variations in flow, owing to its 
iirse lying in the slate region. The drainage area of the stream is 
out 205 square miles, and its length, in a straight line, about 25 
iles: yet, during the dry season, the flow is not sufficient to afford more 
an 20 iir 2j horsepower, with a fall of 20 feet. There are 12 mills 
1 the river, with falls of from 8 to 25 feet, but some sites are still 
I improved. 

The other tributaries above Kocky river are utilized for small grist- 
d saw-mills, but are not of much importance. Some of them ore 
arlv drv in summer. 
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Tabls or Utilized Powbb on Capi F«ak river ask Tribdtaries.— 
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Table or Drainage Areas op Cape Feab river and Tributaries. 

Square miles. 

Cape Pear river at mouth 8,400 

Northeast Cape Fear river at mouth 1,330 

South river at mouth 1,430 

Black river at mouth 620 

Cape Fear river at Fayetteville 4.493 

Cape Fear river at Jones falls 4,17<» 

Cape Fear river at Silver run 3,660 

Cape Fear river at Smileys falls 3.400 

Cape Fear river at Buoknorn falls 3.200 

Cape Fear river at forks 3.026 

Haw river at mouth • J,«75 

Haw river at Bynums 1.250 

Haw river at North Carolina railroad 685 

Haw river at Reedy fork JunetioD 173 

New Hope river at mouth 817 

Alamance creek at mouth 237 

Reedy fork of Haw at mouth t 281 

Deep river at mouth 1,360 

Deep river at Lockville 1,340 

Deep river at Oorflras 1,300 

Deep river at Gulf 1.047 

Deep river at Carbonton 1,010 

Deep river at Tyser's 814 

Deep river at Franklinvllle 408 

Deep river at Naomi Falls 257 

Rocky river at mouth 206 

Rockflsh creek at mouth 280 

Little Rockflsh creek at mouth 77 

Little Rockflsh creek at factory 55 

Lower Little river at mouth 448 

Lower Little river at Manchester 329 

Upper Little river at mouth 176 



CHAPTER VIII. 

THE YADKIX KIVER AXD TKIBUTARIES.' 

THE YADKIN BIVEB. 

The Yadkin river, or the Great Pee Dee as it is called below its 
junction with the T'harie river, takes its rise on the eastern slope of 
the Blue Ridge, in Caldwell and Watauga counties, Xorth Carolina. 
It flows first a little north of east through Caldwell and AVilkes and 
between Suny and Yadkin counties, when it bends abruptly to the 
right, and flows a little east of south, forming the boundary between 
the counties of ForsA^h, Davidson, Montgomerv and Richmond on its 
left, and Yadkin, Davie, Rowan, Stanly, and Anson on its right, passing 
into South Carolina, and continuing in the same general direction 
between Marlborough and Marion counties on its left, and Chesterfield, 
Darlington, Williamsburg and Creorgetown on its right, emptying 
into Winyah bay just at the town of Georgetown, after flowing for some 
distance through the county of the same name. Following the general 
course of the stream, the distance from its source to its mouth is 
between 275 and 300 miles, but following all its windings it is much 
greater — as nearly as can be estimated by measurement on the map, 
some 400 miles or more. 

There are no towns of great importance on that part of the stream 
where there are any facilities for waterpower. In Xorth C^arolina 
there are no towns on the river with more than a few hundred inhab- 
itants, the principal ones being Elkin, in the southwest comer of Surry 
count v aiul Wilkesboro, the count v-seat of Wilkes count v. 

The head of navigation on the river is Cheraw, South Carolina, about 
149 miles above the mouth. An examination of the river between 
( heraw and the mouth of tlie Uharie, a distance of 67 miles, has 
been nuide, and it is foimd practicable to render the river navigable as 
high as this point by locks and dams, but no appropriation has yet b(<'U 
made for the work, nor is it probable tliat there will l)e on account of 
the great cost of the undertaking and the small good to be aecomplisliod 
thereby. Above the mouth of the Uharie the "Narrows" form an 
insurmountable oltstacle to navigation, but above them, between the 

'By (I. F. Swain an<l J. A. Holme8. 
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Southern railway bridge and Wilkesboro, the river has been sur- 
veyed, and an appropriation of $20,000 made March 3, 1870, the 
object being to secure a navigable depth of 2^ to 3 feet as high as the 
foot of Beans shoal, a distance of 64.8 miles. Additional appropria- 
tions were made during the 10 years following. Subsequently (18.'^7) 
it was decided to limit the improvements to the 33 miles immediately 
above the Southern railway bridge. In 1892 the work was practi- 
cnlly abandoned after the expenditure of slightly more than $100,000.* 

The Great Pee Dee drains a total area of about 17,000 square miles, 
of which about 0700 lie in Xorth (^arolina and 7300 in South Caro- 
lina. The principal tributaries to the river are the Waccamaw river, 
from the north, draining about 1200 square miles; the Black river, 
from the west, draining about 1500 square miles; the Little Pee Dee 
river, from the north, with a drainage area of some 3000 square miles; 
Lynchs creek, from the west, draining about 1350 square miles; Black 
ereek, from the west, draining about 450 square, miles; Little river, 
from the east, draining 400 square miles; Rocky river, from the west, 
draining 1400 square miles; riiarie river, from the east, draining 
317 square miles; the South Yadkin, from the west, draining 820 
square miles; and the Ararat river, from the north, draining about 315 
square miles, besides numberless smaller streams and creeks affording 
fine waterpower, especially in the upper part of the drainage basin. 

The Great Pee Dee crosses the fall line a little above Cheraw. The 
fall is not so pronounced as in the case of the Tar and the J?oanoke, 
but consists of a series of rapids extending over a number of miles, 
with no vers- great fall at any one place, or within any short distance. 
The drainage basin of the river below the fall line will be understood 
sufficiently well from the general description which has been already 
given of the eastern division, and of the lower parts of the Cape Fear 
and other rivers, while its general shape and dimensions may l)e seen 
from the accomj)anying niaj). Neither does that part of its drainage 
basin lying above the fall line differ in any essential particulars from 
tlifit of the CajK' Fear or the Koanoko, except that it reaches farther 
west (and into the mountains) than that of the (/ape Fear. Below the 
great l)end, where the river tunis so abru])tly to the south, its valley 
avei'ages 50 miles wide, and at many points the river is bordered l)y 
wide and fertile bottoms, subject to overflow at times, and forming 
some of the l^est farming lands in the state; while at otluTS the hills 
close in upon the river, leaving no bottoms at all, and sometimes confin- 
ing the river between steep and rocky banks on each side. In one case 

» Annual Kei)ort Chief of Enprineers, V. S. A., isj*-,*. App. L, p. ll«i. 



174 THE YADKIN RIVER AND TRIBUTARIES. 

the river flows through a ravine, confined in a very narrow channel by 
bold and abrupt banks for a distance of several miles, forming the 
noted " narrows." Above the great bend the valley is narrower (only 
15 to 20 miles wide), and the divides which separate the basin of the 
Yadkin from those adjacent are much higher, so that the tributary 
streams in the vicinity have a very large fall. The level land along 
the stream, however, is seldom in this part of its course over a mile 
wide, interjected between the spurs of the parallel ranges of mountains 
and ridges which form the divides, and forming in places extremely 
picturesque little valleys, surrounded on almost all sides by mountains. 
Even in this part of its course the river rises above its banks in high 
water, although the grounds subject to overflow are not very extensive. 
Near Yadkinville the river passes through a gap in the mountains, and 
above that point its valley is flanked on the north by the Blue Ridge and 
on the south by the Brushy mountains, the divides having elevations 
of from 1500 feet upward, and from these come pouring down many 
mountain streams and torrents. The upper part of the valley of the 
Yadkin is very well wooded, and as the mountains are not bare, the 
streams are more constant in flow than might be expected. Between 
Wilkesboro and Patterson the lowlands along the river are from a few 
hundred yards to more than a mile in width, and exceedingly fertile. 
This region, known as the " Happy Valley," is one of the most pic- 
turesque and finest agricultural sections to be foimd in the state. 

The facilities for the construction of storage reservoirs are good on 
some of the tributaries, and on the main stream in the very upper part 
of its course. Below, they would, of course, be impracticable. 

The products of the Yadkin valley are cotton, tobacco, corn, rice, 
wheat, oats, rye, clover and grasses, sorghum cane, vegetables and fruits 
in the lower part, and principally grain, vegetables and fruits in the 
upper part. Between the cool slopes of the Blue Ridge on the north 
and the low and hot plains of the eastern division on the south the 
range of production — as in the case of the Roanoke — is very large, 
the mountains being well adapted to grazing, the bottom lands of the 
valleys to the raising of cereals, grasses, vegetables, fruits and tobacco, 
and the low country along the lower part of the stream to the produc- 
tion of cotton and rice. 

The river is somewhat subject to freshets, but not more so than other 
South Atlantic streams. They are said not to be so violent, as a rule, 
as on the Cape Fear, Nense, or Tar, probably because of the character 
of the upper part of the basin; and, although there are no lakes to regu- 
late the flow, the extensive woods and the mountains, well covered with 
soil, sen'e to restrain their violence. Xeither are the freshets so violent 
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as on the Eoanoke, the cause in this case being, probably, the fact that 
the rainfall in the upper valleys of the Yadkin is perhaps, on the whole, 
more uniformly distributed throughout the year than on the Dan and 
Staunton. At any rate, the highest flood ever known at Wilkesboro 
occurred in September, 1878, yet the rise was only 23 feet above low 
water; and at Langenhour & Neason's mill the extreme high-water 
mark is at 22.9 feet. The floods are short, generally subsiding in from 
36 to 48 hours. It is said that twenty-five years ago high floods very 
rarely occurred, and their frequent occurrence now is accounted for 
by the clearing of the hills and the removal of obstructions from the 
river.^ The low grounds adjacent to the river are more frequently 
overflowed than formerly, and more damage is done to the crops. 

The river sometimes brings down a good deal of ice, so that it can- 
not be ferried; still there is not very much difficulty on this account. 
The rise is sudden, the water sometimes rising, it is said, 2 feet in 20 
minutes at Bark's ferry (mouth of the TJharie). 

The annual rainfall in the valley varies from 44 inches near the 
coast to 50 inches between Cheraw and the "narrows," and 44 to 50 
above the latter point. The table on page 188 gives more detailed 
information regarding the rainfall above the important powers, and of 
its distribution through the year. 

The following table gives the elevations of the various points on the 
stream, together with the distances, and declivity: 



Table of Declivity op Yadkin river. 



Place. 



5-s 



Mouth 

Cheraw, South Carolina 

Crosslngrof Carolina Central railroad.. 

Foot of narrows gorge 

Head of "narrows"' 

Crossingr of Southern railroad ^ 

Foot of Beans shoaP 

Head of Beans shoal * 

Wilkesboro* 

Patterson » 



Miles. 



149 
109 
216 
220 
256 
321 
3S5 
378 
410 



II 



Feet. 



O O CD 

2 *> « 



Miles. 



65 
105 
268 
854 

691 t 

761 , f 
I 

928 'C 

) 

1,350 f 



149 
20 
47 

4 

86 
65 

4 

53 
32 



00 

■Sis 



S 



K 



Feet. 

65 

40 

158 

91 

237 

181 



o . 

Feet 
per mile. 
0.44 



167 
.322 



.2.00 
..3.86 
.22.75 
..6.58 
..2.01 
..9.75 
..3.15 
.10.06 



1 Annual Keport Chief of EnRineers, 1^79, p. 628. 

»Capt. Jno. A. Kamsay, (p. IHO). 

» Line of special levels by U. S. and N. C. Geol. Surveys. 

♦ Report of Chief of Entrineers, 1879, p. 626. 

•The elevation at Patterson was Riven in 1880, though the kindness of MaJ. C. 8. Dwijrht, 
chief engineer Chester and Lenoir railroad, and to L. C. Jones, Esq., at that time chief engineer 
and superintendent of the Cape Fear and Yadkin Valley railroad. 
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The flow of the river has been measured in 1896, 1897 and 1898 bv 
the Geological Survey near Salisbury, where the drainage area is given 
as 3399 square miles, and at Norwood, where the drainage area is given 
as 4614 square miles. 

At Salisbury, the lowest flow measured was in August, 1896, when 
the quantity discharged was 1293 cubic feet per second, or 0.38 cubic 
feet per second per square mile, while the maximum flow measured was 
11,837 cubic feet per second, or 3.5 cubic feet per second ]ier square 
mile. The flow of 1293 cubic feet per second was, however, not the 
minimum bv anv means. 

At Norwood, the smallest flow measured was 1508 cubic feet per 
second, or 0.33 cubic feet per second per square mile, while the maxi- 
mum measured was 11,710, or less than near Salisbury. 

These measurements have not been continued long enough to serve 
as a reliable basis for computing the minimum or low-season flow, and 
we have been obliged to resort to the usual estimates. W^e have seen 
that measurements on the Cape Fear river have given the flow as low 
as 424 cubic feet per second where the drainage area was about 4500 
square miles, or less than 0.1 cubic foot per second per square mile, 
and it is probable that the Yadkin at times reaches a figure below the 
smallest mentioned above, though it must be admitted that the condi- 
tions of both soil and forest covering in the Yadkin basin are more 
favorable for uniformity of flow than is the case in the Cape Fear basin. 

One of the greatest drawbacks to the utilization of waterjiower on 
the Yadkin is the inaccessibility of the river over considerable ])ortions 
of its course; but there has l>een much improvement in this direction 
during the past few years. Jt is crossed in its water]>ower portions bv 
only three railroad lines — the Carolina Central, the Southern, and the 
ilocksville division of the Southern. The Salishurv-Xorwood branch 
of the Southern passes along the entire length within from 4 miles 
(at Norwood) to 12 miles of the river; and tin* Wilkesboro division of 
th(^ same road follows the* north bank of the Yadkin from the eastern 
part of Surry comity to AVilkesboro. Tlie Atlantic Coast Line Rail- 
road (\)mpany has rc^'cntly surveyed a route u]) tlie Pee Dee and 
Yadkin from Wadesboru t(^ Salisbury wlii(di ])asses through the gorge 
of the '" NaiTOws '' and near other ])roniising but midcveloped water- 
])Owers. AV(* may now proceed to <lescribe the river more in detail, 
with its various water])ow('rs, in order, conniu'iirinu at its mouth. 

WATKKPOWKn ox THE YADKIN KIVKK. 

T>elow Clieraw there is, of course, no })()W(»r, and the river has the 
same character as the Cape Fear below Fayettevill(\, st> it need nut here 
b(> d(»scribed. 
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Between Cheraw and the crossing of the Carolina Central railroad, 
a distance of 20 miles, the fall is at the rate of about 2 feet per mile/ 
and the width of the river 350 to 500 feet There are 11 shoals in 
this distance, but none of much importance, and none in themselves 
available for power, although, by the construction of long canals, 
power might be secured. Such a plan would not, however, be advis- 
able. At Cheraw the river is only 350 feet wide, and the greatest rise 
in freshets is 34 feet. The bed is generally rock and bowlders. 

Between the Carolina Central railroad and the mouth of the TJharie 
river there are four prominent shoals which may be considered avail- 
able for waterpowers; and between these are a number of smaller shoals 
which need not be mentioned in this connection.* The total distance 
is about 47 miles, and the total fall in the river between the two points 
about 158 feet 

Bluitts FAIJJ3. — The first of these shoals is about 12 miles above the 
state line, and 4.5 miles above the railroad. This shoal is about 1000 
feet long, and has an estimated fall of 8 or 9 feet in this distance. The 
main body of the stream at this point is filled up with large rocks, and 
the water descends in a succession of plunges. There is a channel on the 
right side which is almost clear, and has a fairly uniform slope. A 
nine-foot dam is considered practicable here, and this would develop a 
considerable power. Some years ago this shoal was used by a grist- 
mill and cotton-gin on the Richmond county. side; a primitive wing- 
dam giving a fall of 6.5 feet. These have since disappeared. In devel- 
oping this power one may reasonably expect 250 horsepower for each 
foot of fall during ordinary dry seasons, and a considerably larger horse- 
power during 8 or 9 months of each year (see p. 188). 

Grassy Island shoal, which begins about 13 miles above the state 
line, and 5.3 miles above the railroad, is the next above Bluitts, and has 
an estimated fall of 35 or 36 feet in a distance of 4J miles. The river 
at this place is at least half a mile wide, with an average depth of only 
about 8 inches, and is full of small rocky islands, covered with a green 
weed. There are seventeen ledges which cross the river along the shoal, 
and at each there is a fall of about 6 inches; and in addition to these 
there are nine fish dams, with an average fall of 15 inches at each. In 
considering the possibility of rendering this portion of the river navi- 
gable, it was proposed to overcome this shoal by four locks and dams 

1 Annual Report of the Chief of Engineers, 1879, p. ?i5. From this report, on an examina- 
tion of the river between Cheraw and the mouth of theUharie, and the report of Lieut. Taj'lor 
on the same subject In the Annual Report, Chief of Engrineers, 1888, p. 954, most of the following 
notes on that portion of the river have been taken. 

' Annual Report, Chief of Engrlneers, 1888, Appendix L 19. 
12 
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of nine feet lift each, 36 feet in all.* The banks of the river are said 
to be favorable for the utilization of the power. The shoal has only 
been utilized thus far by a small grist-mill. In the development of this 
power one may reasonably expect 250 horsepower per foot of fall during 
ordinary dry seasons, and a much larger power during 8 or 9 months of 
every year (see p. 188). 

Swift Island shoal, the next above and 42 miles above the state 
line, has an estimated fall ol 18 feet in 2^ miles. There is one plunge 
of about 2 feet near the middle of the shoal. The upper end of this 
shoal is about 27 miles above Grassy Island and about 15 below the 
Narrows. There is a rock dam 4 to 5 feet high extending across the 
river in the form of a V with the apex up-stream, from which a race 
about one-half mile long leads to an abandoned cotton-factory on the 
east side of the river, while on the west side there is a gristrinill run 
from the same dam. These mills used only a small power, and they 
are reported to have been stopped by high water ten to twelve days in 
the year. Mills are said to have been in operation at this point for 
three-quarters of a century. Undoubtedly a considerable waterpower 
can be developed here, and it can be utilized on either or both sides 
of the river. The site is about 8 miles east of the Southern railway 
station at Albemarle, the county-seat of Stanly county. The power at 
this shoal may be expected to reach 155 horsepower for each foot of 
fall during ordinary dry seasons, and a much larger horsepower during 
8 or 9 months of each year (see p. 188). 

Gunsmith shoals, 57.5 miles above the state line and about 13 miles 
above the upper end of Swift Island shoals, has a fall of 9^ feet in a 
little less than a half mile in length. In it there is one plunge of 2 
feet and another of one foot. The general bed of the stream is full of 
large rocks, there being no particular channel, but there are narrow 
passages between the rocks where small boats can pass. This shoal is 
just below the mouth of Uharie river, and is 8 or 9 miles east of 
Albemarle. There is a wing-dam on the east side of the river, and 
a grist-mill using a fall of 4 or 5 feet. 

The Naekows of the Yadkin. — The section of the river for five 
miles above the month of the Uharie is quite different in character 
from that both below and above this region. Over the shoals just 
described and those to be described further on as occurring higher up 
the stream, the bed of the river spreads out to a width of from 1000 
to 1500 feet, and at Grassy Island is not less than one-half mile wide. 
But in the three and one-half miles under consideration the river runs 

' Annual Rejxjrt of the Chief ol Kngrineere, 1H79, p. 725. 
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through a deep, narrow gorge, and here, perhaps, the most remark- 
able waterpower in the state occurs at the " Narrows of the Yadkin." 
At the upper end, before reaching the Narrows, the river is nearly 
or quite 1000 feet wide, from which it suddenly contracts, entering a 
narrow ravine between the hills, which rise abruptly on either side witli 
rocky and almost perpendicular banks, and through which it pours 
with great violence, preserving for a distance of about a mile an average 
width of not over 150 feet, while in some places the width is only 60 
feet. No description can do justice to this place, which is one of the 
most wonderful spots that can be found in the south (Plate VI). 

In the Narrows proper — the mile referred to above — the river 
has cut out its channel in the solid rock, the banks being almost per- 
pendicular for a height of 5 to 15 feet above low water, when they 
retreat nearly horizontally, but so very broken and rough that it is 
difficult and tiresome to make one's way along, for a distance of about 
100 to 150 yards from the immediate channel, where the hills rise 
very steeply. Thus the average width of the ravine is in the neighbor- 
hood of 250 yards, or rather less, while the channel of the river, 
through which its whole volume pours in low water, is 75 feet or less 
in width, while the water is said to be very deep. The stream over- 
flows its banks in freshets and fills the whole ravine, although it is very 
seldom that it covers all the projecting rocks. Below the Narrows 
proper the stream expands to a width of 150 to 300 feet, and flows as 
a rapid current for the succeeding 2^ or 3 miles, through a narrow 
gorge, the banks on either side being very steep and rocky all the way, 
except at one or two places where small lateral valleys diverge, and 
where there is a place to put a single mill. 

Some 2 miles below the Narrows, but still within the gorge, are 
the rapids known as the " Little falls," and half a mile below these are 
the rapids known as " Big falls." Just below the latter comes a long 
and narrow stretch called the " Lake," the river being still confined 
between rocky and steep banks, the fall being very small, the width 
of the stream only about 100 to 200 feet, and the depth very great. 
The banks slope do\vQ at a steep angle straightway into the river, and 
are of rock and forest-covered. At the lower end of the " Lake," 
which is between a quarter and a half-mile long, the river widens at a 
place called Terrapin Hole, and thence down to the mouth of the 
Uharie, a distance of about a mile; it is interspersed with rocks arid 
islands, with banks ten to twenty feet high on each side, and behind 
them flat lands for several hundred yards. 

The total fall in the river from the top of the falls at the head of the 
Narrows to the mouth of the Uharie river is 91 feet, and the distribu- 
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tion of this fall, as shown by the measurements made by Capt. John A. 
Bamsay of Salisbury, is as follows: 

Table of Fall and Distances in the Narrows Gorge. 



From 



Approximate i^^ii 

To distance, /^tV' 

miles. 



feet. 



Bottom of main Narrows! 1.0 37.0 

Foot of Hamilton's fishery 1.0 8.7 



Top of Narrows ^ 

Bottom of main Narrows 

Foot of Hamilton's fishery — 

Above Harris' mill 

Top of Little falls 

Bottom of Little falls 

Topof Blgfalls iBottomof Big falls 0.2 7.8 

Bottom of Big falls j Kirk's old ferry (now Lowder's> 

I and mouth of Uharie river 1.3 8.9 



Above Harris' mill 1.0 i 4.4 

Topof Little falls 0.5 90 

Bottom of Little falls 0.2 7.3 

Topof Bigfalls 0.3 8.4 



If a 5-foot dam were constructed across the river just above the fall 
at the head of the Narrows and the water carried along the left or east 
l)ank in a canal or flume, allowing a fall of one foot in the canal, this 
would give a fall of about 41 feet at the lower end of the canal, less 
than a mile in length. 

From the foot of the Narrows to the mouth of the Uharie river there 
is a total fall of 54.5 feet, the distribution of which is shown in the 
table given above. As indicated there, of the fall between the foot of 
the Narrows and the top of " Little falls," 9 feet of 22.5 feet, is within 
half a mile or less of the latter place. This 9 feet, added to the 23.5 
feet between the top of the Little falls rapids and the bottom of the 
Big falls rapids, gives a total fall of 32 feet in a distance of little over 
a mile. 

According to what has been said, it will be seen that this magnificent 
power is, unfortunately, not easily available. A dam could be built 
on the river above the Narrows and the water carried along by the 
flume, the power-house being located on the rocks; but while such a 
use of the power would be perfectly practicable no one would think 
of locating a large establishment in a gorge of the mountains in such 
an inaccessible place and on the rocky banks of the river, where it is 
liable to overflow in time of high Abater. A canal could not be cut 
along the Narrows except at very large cost; neither could it be carried 
around the hills, except with great difficulty. However, the develop- 
ment of this power is regarded as being entirely feasible; and indeed 
plans for such development are already under way. 

"Starting on the right or west bank of the river at the top of the little fall or shoal. 690 feet 
above the mouth of Palmers creek and extending down-stream for a distance of 5800 feet, to the 
lower end of the Narrows proper, where the surface of the water becomes fairly smooth and 
where the right bank turns southwards. 
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Below the Narrows proper there is no horizontal bank^ as there is 
the former place; but. the channel is wider and the banks slope 
)'wn to the water^s edge, so that to canal or even to flume around this 
irt of the fall would be difficult. There are a few places where lateral 
.vines make down to the river, at which the banks are not so abrupt, 
id where there is room for a single mill or power-house and, in fact, 
16 smaU grist-mill was formerly even situated in this part of the Nar- 
msj near Little falls, being run from a small wing-dam, and using a 
U of 6 or 7 feet; but there are no facilities for the location of a 
lanufacturing town, or even of a large mill. There are no low grounds 
Jtween the head of the Narrows and the mouth of the Uharie. The 
<5k in the Narrows is a solid altered conglomerate, probably volcanic, 
'iy hard, almost impossible to fracture, and difficult to blast Some 
wrer might be obtained by damming the river at the Terrapin Hole 
I throwing the water up over the Little falls, or at Little falls itself 
xill could be established; but a very small portion of the total power 
^liis place is practically available, except by transmitting it, by elec- 
ity or some other means, by land suited for the erecting of large 
lanufacturing establishments. 

^^ shown by the accompanying topographic map (Plate Vll, p. 182) 
;Iliis part of the Yadkin river, a dam 100 feet high across the lower 

of the Narrows gorge (at A-B on the map) would back water but 
^ above the upper end of the gorge and would flood hardly ten 
^ of cultivatable land. The bed and banks of the river are of solid 
'^ and there is also at hand an ample supply of stone suitable for the 
"t^miction of such a dam. Immediately below this point the river 
^ widens out to such an extent that there would be but little loss 
o^wer from high water. From this point the power could be trans- 
^ci by electricity to suitable points on the Salisbury and Norwood 
of the Southern railroad, about five miles distant, where manu- 
establishments could be located or the power could be trans- 
— <i to Lexington, Salisbury, Concord or Charlotte, the distance to 
named being about 50, and to the other three places, about 30 

in each case. 



182 



THB TADKIN AIVEB AND TBIBUTABIE6. 



The theoretically available power is estimated in the following table: 



Table of Powbr at the Narbows of the Yadkin.* 





Drainage area. 
Flow per second. 


Horsepower available, gross. 


State of flow. 


• 

1 

o 

a 

98.4 
125.0 
142.0 


Narrows proper. 
37 feet. 


Big and Little falls. 
82 feet. 


Total fall. 
91 feet. 


(See pages 54 to 59.) 

Mlnlmnm 


Square Cubic 
miles. '■ feet. 

] (886 
■ 3.940 < 1,100 
^ ( 1.250 


1 
8,641 8.149 




MlnfmiiTn AvnrflirA for t.hn 1o«r aAnMnn 


8,954 


Average for the low season of average dry years. 


4,625 
5,254 


4.UUU 
4.554 


11.875 
12.9S2 



Above the Narrows, and between this place and the Southern rail- 
way crossing near Salisbury, there are 6 important shoals and a number 
of intervening smaller ones.* The general width of the river in this 
portion of its course is from 600 to 1000 feet. The banks have 
a general height of about 10 feet above average winter water, and 
the level lands generally extend back from 200 yards to one-half mile 
from the river banks; but at all the more important shoals the banks 
are quite precipitous, and there are reported to be a number of excel- 
lent mill sites, some of which are partially improved. 

Bull Island shoal, the first above the Narrows, has a total fall, 
estimated by Lieut. Taylor at 37 feet in a length of nearly 2 miles, 
beginning about one-half mile below Pennington's ferry and ending 
1 to 2 miles above the Narrows. Capt. Ramsay's measurements, how- 
ever, show a fall of 29 feet in Bull Island shoals proper, with consid- 
erable falls both above and below, as will be seen from the accom- 
panying map (Plate VII). The bed of the stream has a nearly uniform 
slope of 10 feet to the mile, and, in addition, two plunges, one of about 
8 and the other of about 10 feet near the lower end. At the lower end 
of the shoal the river spreads out to a width of one-half mile and is con- 
siderably divided into channels by islands. The drainage area above 
this place is about 3900 square miles, and the flow, as well as the power 
available per foot fall, may be estimated the same as for the Narrows. 

The Pennington shoal, as it may be called for convenience, is the 
second important shoal above the Narrows, lying between Nast and 



* For measurements of the flow of the Yadkin river see pp. 305 and ;J09. 
'The notes concemlnjr these shoals are taken in part from the report of Lieut. Taylor 
Annual Report, Chief of Engineers, 188H. App. L 19. 
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Kirks ferry and Milledgeville. It has a total fall, according to Capt. 
Eamsay^s measurement, of 74 feet in a distance of 4^ miles. Along the 
entire shoal the river is spread out over a width of from 1200 to 1500 
feet, the bottom being of solid ledges of rock crossing the bed of the 
stream at considerable angles. As shown by the accompanying river 
map (Plate VII), while the fall is somewhat concentrated at minor 
shoals, yet these are fairly well distributed throughout this distance. 
The flow and the power per foot fall may be estimated as but little 
below that given on page 188 for the Narrows. 

There are two grist-mills located on this shoal, on the right or south- 
west bank of the river; the lower, Nast and Kirk's mill at Pennington's 
ferry, has a race about 2000 feet long and the fall at the mill is about 
7 feet. Hall's mill, about li miles above, has a race about one-half 
mile long and a fall of about 10 feet at the mill. In both cases the 
water is turned into the race by a short, low and rough wing-dam of 
stone loosely piled. 

The Milledgeville shoal, the third of importance above the Nar- 
rows, has a fall of 14 feet in a distance of about 0.7 of a mile, there 
being one plunge of about 6 feet near the bottom of the shoal. It is 
situated about 6i miles above the Narrows, a short distance below 
Stokes ferry and 4 or 5 miles east of the Southern railway at New 
London. This shoal is utilized to a small extent as follows: The Yad- 
kin Falls Manufacturing Company has a cotton-factory and grist-mill 
on the east side of the river at Milledgeville, using for both about 125 
horsepower. The wing-dam on this side of the river is of rock, about 
600 feet long, and gives a 10-foot fall at the factory, which contains 
36 cards and 3160 spindles. On the opposite or west side of the river 
at this point are located a saw-mill, grist-mill, cotton-gin and wool- 
carding machinery, using in all about 40 horsepower, supplied with 
water from a small wing-dam extending from the bank across a portion 
of the river to an island, and which gives a fall of about 8 feet at the 
mill. The stoppage from high water at this point is said to be from 
6 to 10 days in the year. The available power per foot fall is about 
the same as at the shoal below (p. 188). 

MoTTS FALLS, the fourth important shoal, 2^ miles above the Mil- 
ledgeville shoal, has a fall of 13^ feet in about 0.8 of a mile. There 
are in this distance six ncarlv vertical falls of from 6 inches to 2 feet 

« 

each. There are several small islands scattered along the bed of the 
stream on this shoal, and the river is everywhere full of large rocks. 
There was formerly a mill located on the west bank, near the head of 
the shoal, but this has disappeared. From the tabular statement of the 
horsepower per foot fall on page 188 the power at this place can be 
easilv calculated. 
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Bald Mountain shoal, about 2 miles further up the river, and the 
fifth important shoal above the Narrows, has a fall of 8^ feet in about 
half a mile. There are two mills located on this shoal, their wing- 
dams having the same general arrangement as that described at the 
next shoal above. Reid's mill, on the right or west side, has a fall of 
a little more than 6 feet, and Thair's mill on the opposite side has about 
the same fall. There appear to be no important tributaries to the 
river between the Narrows and this point, so that the power available 
per foot fall at the last two sites may be considered as but little less 
than at the Narrows (see p. 188). 

Flat Swamp ^Iountain shoal, about 4i miles above Bald mountain, 
and less than one mile below the mouth of Abbotts creek, has a natural 
fall of 10.2 feet in half a mile. Like the last mentioned, it is partly 
utilized by two grist-mills; Stafford's, on the left or east bank, which 
has a fall of between 6 and 7 feet, and Mauney's mill on the right bank 
opposite, which has a fall of 6^ feet at the lower end of a race about 
100 yards long, into which the water is turned by a wing-dam several 
hundred feet long. 

Between the mouth of Abbotts creek and the Southern railway 
crossing, a distance of some 10 miles, there are no shoals of importance, 
the total fall in this distance being, according to Capt. J. A. Ramsay's 
measurements, 28.3 feet. 

Above the mouth of the South Yadkin river there are several small 
shoals, but none of any importance until Swicegood's mill is reached. 
This is a grist-mill having two run of stones, and the fall here is about 
four feet, utilized by means of a wing-dam and an undershot wheel. 

The next power on the river, five miles higher up, is the grist-mill 
of Hege & Crott, using about four feet fall, obtained from a dam 
extending across the river. Of course only a very small part of the 
water is used. 

At Hailley's mill, a saw- and grist-mill, 1^ miles further up the river, 
there is a shoal about four hundred feet long and of about four feet 
fall. The mill uses an undershot wheel, the water being turned to it 
by a wing-dam. 

Four miles above Hartley's, at Ellis ferry, there is a small saw- and 
grist-mill located on a shoal about 600 feet long, and having a fall of 
about six feet. This mill diverts part of the water by means of a wing- 
dam, and home-made wooden wheels are used. 

At the crossing of the Winston & MocksAille railroad, on the old 
site of Douthit's mill, a fall of 10 feet has recently been developed by 
the Fries Manufacturing and Power Company of Winston-Salem; a 
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power-house has been constructed at this point, and the power is being 
transmitted to Winston-Salem, a distance of 13^ miles, and there used 
for lighting, street cars and various manufacturing purposes (see p. 188). 

Langenhour & Reason's mill was situated 9^ miles above Ellis 
ferry. The shoal here has a total natural fall of 4.57 feet, and the 
dam was a substantial structure of wood and stone extending entirely 
across the river. • 

The Shallow Ford shoal, 6^ miles higher up the river, was the seat 
of an old grist-mill, now burned. There is here a natural fall of about 
8 feet in one mile. 

Above Shores island, and about 10 miles above the Shallow Ford 
shoal, ten miles below the head of Beans shoal, is another shoal with a 
fall of about 8 feet in If miles. 

At Johnsons falls, at Donnaha station, on the Southern railroad, 
about five miles above the last mentioned, there is a fall of about four 
feet in half a mile above and below the station. Opposite the station 
there is a ledge of rock extending diagonally across the river, over which 
the water falls in a straight plunge for two feet. The banks here are 
low and the bottoms are quite broad and only about eight feet higher 
than the ordinary level of the river, with no indication of any rock on 
the surface. 

Bean shoal. — The principal shoal on this part of the river is Bean 
shoal, the fall in four miles being over 39 feet. The most rapid 
descent is at the head, being nearly 17 feet in one mile. The bed of the 
stream is very ragged, of stratified rock, which rises in sharp points and 
ridges at right angles to the course of the stream, forming in some places 
natural dams extending nearly across, and the channel is much ob- 
structed and cut up with rocks and islands. In the lower part of the 
shoal there is a fall of about ten feet in two miles. The only part of the 
shoal now being utilized is near the middle portion, where is situated 
Martin's grist-mill on the south side of the river. Between 1820 and 
1835 " The Yadkin Navigation Company did considerable work at these 
shoals with a view to rendering the river navigable. A dam was built 
at the head of the shoals and a canal was commenced along the northern 
side of the river. The only trace of a dam now to be seen is an abut- 
ment at the entrance of the canal. The canal was completed for a 
little more than a mile from the head of the shoals, and was from 15 
to 45 feet wide at the bottom. Where the cliff forms one wall the 
minimum width was 15 feet. At 2000 feet from the head of the canal 
are the ruins of a guard-lock 12 feet wide. The canal walls are of 
earth, except along the foot of the cliffs. Here a very good retaining 
wall was built of stone quarried on the spot. The upper wall, 700 
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feet in length, was built of headers and stretchers neatly pinned with 
small stone, and is in good condition. The outer face has a batter of 
2J inches to the foot rise. The inner face was left rough and covered 
with gravel and earth. No cement was used in its construction. The 
dimensions are: Height, 5 to 20 feet; top width, 2.5 feet; bottom width, 
about 7 feet. The lower wall, about four hundred feet in length, is 
of the* same general character, but in some places lias been torn down 
to obtain material* for the construction of fish-dams. The canal has been 
filled in by the floods, and where it flows through the woods is over- 
grown with trees and bushes. No water flows through it." 

Lime Kock shoal is about 7^ miles above the head of Bean shoals, 
and has a fall of 10.62 feet in 2.59 miles, over rock bottom. 

Twelve miles higher up the river, and about 35 mile^ below Wilkes- 
boro, is the Devil's Staircase and Long shoal, where in 1.61 miles the 
fall is 11.18 feet over a rock bottom. 

The other shoals mentioned call* for no special remark. The bed of 
the stream is everywhere rock, overlaid sometimes with gravel, and is 
most favorable to the construction of dams. Beside the shoals men- 
tioned in the table there are many others with smaller falls, but which 
might equally well be used for power. As regards the amount of 
power available, there is no doubt that it is very large indeed, and that 
almost every one of these shoals might be utilized to a greater or less 
extent. Bean shoal would seem to offer the most excellent site in 
this part of the state, and it having been considered practicable to build 
a canal around the whole shoal it would seem to follow that the power 
might be utilized without much dijBSculty. While the estimates of 
power given in the table are only to be regarded as approximations, it 
is believed that they will serve to give some idea of the amount of power 
which might be obtained. But until larger establishments seek a loca- 
tion in this vicinity, and until the means of transportation are improved, 
the waterpower of the smaller tributary streams will be preferred to 
that of the main river, on account of the smaller cost, the (in general) 
safer location, and the diminished liability to stoppage by high water. 
"When large amounts of power are wanted, however, and money is at 
hand to develop it, the Yadkin will, no doubt, be found to afford a large 
supply. 

Patterson. — Above AVilkesboro the fall of the river continuallv 
increases, and there are some sites for power, but regarding them we 
could procure no detailed inforaiation. The only considerable power 
used is that at Patterson, Caldwell county, where Messrs. Gwvn, 
Harper & Co. have a cotton-mill, woolen-mill, saw- and grist-mill and 
cotton-gin. The cotton-mill contains 56 looms and 228S spindles, and 
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is run by waterpower supplemented by steam in dry seasons. The dam, 
of wood and stone, is 15 feet high and 300 feet long, and the fall at the 
factory is 26 feet, which it is claimed develops 80 horsepower by means 
of a turbine-wheel during eleven months of the year, the mill running 
12 hours. The w^oolen-mill contains 4 sets of cards, 20 looms and 480 
spindles, which are operated by the same waterpower supplemented by 
steam in dry seasons. The race is of wood, 200 yards long. 

Above this the stream is rapid — a mountain stream, with little or no 
power utilized. 

It may be remarked that there are only three or four dams extending 
entirely across the river, all above the Narrows. 

The estimates of power given in the following table are liable to large 
error, and it is impossible to check them. All of the powers used seem 
large in comparison with the drainage areas above them, as in the case 
of the one at Patterson, and it may be that the streams in the upper 
part of the basin are fed by large springs, which render the flow com- 
paratively constant. The estimates have been therefore made larger 
than in ordinary cases, and they may be found too large. It is to be 
remarked, however, that powers are often overstated, and that turbine- 
wheels are rated very high as regards efficiency. A power of 50 horse- 
power at Patterson, with a fall of 25 feet, would correspond to a flow at 
all times of 0.6 cubic foot per second per square mile, see pp. 55, 56 
and 57. 
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TRIBDTABIE8 OF THE YABKIN. 

The lower tributaries of the Great Pee Dee, viz. the Waccarjuiw, the 
Black and the Little Pee Dee rivers, scarcely call for a detailed description. 
Lying entirely below the fall line, their general character will be suf- 
ficiently clear from what has been already said regarding similar streams, 
and regarding the eastern di^nsion, as a whole, in the introduction. The 
"Waccamaw rises in Waccamaw lake, Columbus county, Xorth Caro- 
lina, not over 25 miles from the Atlantic, and flows for a distance of 
244 (?) miles nearly parallel to the coast, joining the Great Pee Dee 
at its mouth. It is navigable for light-draught steamers for 163 luiles, 
and for boats drawing 3 feet of water up to the lake. Its waterpower 
and that of its tributaries, does not amount to much. The Black river, 
which has its sources in Kershaw and Sumter counties. South Carolina, 
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is similar in character, and has no waterpower except a little in the 
upper part among the sand hills. The Little Pee Dee, which unites 
with the Great Pee Dee 23^ miles above its mouth, is more important. 
Rising in Richmond county. North Carolina, it flows in a general 
southerly course, as will be seen from the map, its length along its gen- 
eral course being about 75 miles, but much greater by the river, which 
is quite crooked, like all the streams in the low region near the coast 
The total drainage area of the river is about 3000 square miles, and it 
receives one tributary larger than itself, the Lumber river, from the 
east and north, which drains nearly 1800 square miles. The sources of 
the Little Pee Dee are just about on, or a little below, the fall line, 
in the sand hills; and they therefore afford some power, their general 
character being the same as that of the sand-hill tributaries of the Cape 
Fear, which has been described, on page 139. Their declivities being 
uniform, no sites could be specified. 

GUM SWAMP CREEK. 

Gum Swamp creek will serve as an illustration of the character of 
these small sand-hill streams. It rises among the sand hills of Rich- 
mond county, about eight or ten miles above the Carolina Central rail- 
road at Laurel Hill, and within a dozen miles of its source it furnishes 
the power to operate three small cotton-mills, as follows: 

The Richmond cotton-mill, located on this stream 2 miles north of 
the railroad and about the same distance north of Laurel Hill, contains 
2556 spindles, operated by about 90 horsepower, which is maintained 
all the year except that the water " gets a little low " in very long dry 
seasons. The dam is 12 feet high, 600 feet long; the size of the pond 
is 1^ miles long and one-third mile wide; the fall at the wheel is 10 
feet; and here, as is true of both mills below, they run only during the 
day, and in dry seasons, when the water is drawn down slightly in the 
pond during the day, it fills up at night. 

The Ida yarn-mill, 2^ miles below the Richmond mill and one- 
eighth mile south of the railroad, contains 3024 spindles operated by 
about 110 horsepower during all the year. The dam is 10 feet high, 
900 feet long, producing a pond about one mile long and 300 to 400 
yards wide, the race being 300 yards long and the fall at the mill 8 feet. 

The Speingfeeld cotton-mill, one and one-fourth miles below the 
Ida yam-mill, contains 2304 spindles, and uses about 85 horsepower. 
The fall at the wheel is 7i feet; the dam 10 feet high and 525 feet 
long. The pond is three-fourths of a mile long and 200 to 300 yards 
wide; the race 200 yards long. 



190 THE YADKIN BXVEB AND TRIBUTABIE6. 

The Lumber river has its sources higher up than those of the Little 
Pee Dee, in Montgomery and Moore counties, North Carolina, but 
reaching little, if at all, above the fall line. Its character resembles that 
of the Little Pee Dee, and on its upper part it probably belongs to the 
class of sand-hill streams. There are no mills, except saw- and grist- 
mills, on the main stream, or on any of its tributaries. 

HITCHCOCKS CREEK. 

The next tributary worth mentioning in North Carolina is Hitch- 
cocks creek, although there are several streams below it which are also 
favorable for power. Hitchcocks creek flows entirely in Kichniond 
county, and has a length, in a straight line, of only about 16 or 20 
miles, draining an area of some 102 square miles. It receives one trib- 
utary from the south — Falling creek — worth mentioning on account of 
its utilized power, although it is a small stream, with a drainage area 
of only about 12 square miles. At the junction of these two streams 
is the town of Rockingham, the county-seat of Richmond county, with 
a population of about 1600. These streams are true sand-hill streams, 
so that for their general character we may refer to page 138. Falling 
creek, however, differs from the ordinary sand-hill streams by having a 
large natural fall near its mouth, which may be its crossing with the 
same ledge of rocks which forms the fall line. Both streams have been 
used to a considerable extent to drive saw- and grist-mills, as will be 
seen from the table of utilized power. They are principally remark- 
able, however, as i-unning six cotton-mills, and they thus offer 
a good example of the large amount of power which may be obtained 
from these unpretending little sand-hill streams, as will be seen from 
the following statement: 

Steele's ootton-mill, containing 10,304 spindles and 300 looms, is 
the lowest important power on Hitchcocks creek, being 2^ miles above 
its mouth. The dam here is built of granite laid in cement, 16 feet 
high and 69 feet long, developing, it is claimed, without a race, 350 
horsepower (Plate VIII). 

The Midway cotton-mill, about four miles above the mouth of the 
«reek, on the old Aycock mill site, contains 16 cards and 6200 spindles, 
operated by waterpower. The dam is of wood, 13 feet high and 160 
feet long. The present wheels, it is claimed, develop about 200 horse- 
power all the year. 

The Pee Dee MANUFAoruRmo Company's cotton-mill, located two 
miles above the Midway mill, contains 23 cards, 300 looms and 6112 
spindles. The dam is of stone and dirt, 22 feet high and 107 feet long, 
giving 22 feet fall, which, it is claimed, develops 300 horsepower all 
the year round, except during short and unusually dry seasons of dry 
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years. The pond extends over two miles up the stream. This com- 
pany has a second mill now in course of construction. 

The RoBERDEL coTTOK-MiLL, two and one-third miles above the Pee 
Dee mill and three miles northeast of Rockingham, contains 24 cards, 
300 looms and 6000 spindles, all operated by waterpower. The dam 
is of stone, 24 feet high and 170 feet long, giving a fall of 22i feet at 
the mill, which is said to generate 300 horsepower all the year (Plate 

vm). 

The Ledbetter Manitfaoturing Company's cotton-mill is located 
two miles above the Roberdel mill, and operates 2080 spindles and two 
sets of cards by water from this creek. The dam is of brick, 13 feet 
high and 140 feet long, giving a fall at the mill of 10 feet. The pond 
covers about 150 acres. About 100 horsepower is reported to be devel- 
oped, of which about 75 horsepower is used all the year round, except 
during a few days when high water interferes. At the opposite end of 
the dam the company has a com- and flour-mill. 

On Falling creek, near its junction with Hitchcocks creek, is located 
the cotton-mill of the Great Falls ilANiJFAOTURiNG Company, three- 
quarters of a mile above the Midway cotton-mill. This factory con- 
tains 130 looms and 4512 spindles, all operated by waterpower. This 
waterpower is one of considerable interest because of the comparatively 
large amount of power continuously developed on this small sand-hill 
stream with a drainage area of not more than 12 square miles. Where 
the dam is now located there was originally a natural fall of 26 feet 
over the bed rock which here underlies the sand-hill formations, and on 
this rock has been built a dam 18 feet high and 95 feet long (75 feet 
of this being brick and 20 feet wood), thus giving a fall of 43 feet 
The pond has an area of 10 to 15 acres, and from this the water is 
carried to the wheels through an iron flume 75 feet long. The power 
generated in ordinary years is 150 horsepower for the entire year, the 
mill running only during the day, and in drier seasons the pond fills 
up at night and supplies a full head in the morning. In exceptionally 
dry years there are a few weeks during which the mill cannot run full 
head during more than three days of the week, but it is reported that 
nothing of this kind has occurred for several years. The storage of 
water has been carried to a greater degree of efficiency on this stream 
than on any other of the sand-hill streams in the state. Above the pond 
at the mill three earth dams have been built across the course of Fall- 
ing creek and its tributary branch, thus producing three reservoirs, one 
of 10 to 15 acres, and two others of 20 to 30 acres each; each of these 
being 5 to 6 feet deep. These store up a quantity of water which is 
turned out as needed by the factory in dry seasons. 
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It is interesting to calculate the amount of water which may be 
depended upon from these sand-hill streams, as was done in the case 
of the tributaries of the Cape Fear, but the inaccuracy of the available 
maps renders the result liable to error to an uncertain extent. The 
drainage area of Hitchcocks creek above the Pee Dee factory is, accord- 
ing to the map, about 86 square miles. If we assume that in the low 
season of dry years 100 horsepower (gross) may be obtained with a fall 
of 22 feet during 12 hours, or 50 vnth the natural flow of the stream, 
then the flow will be about 0.23 cubic foot per second per square mile. 
If we assume that 250 horsepower (gross) can be obtained at ordinary 
stages of the stream by drawing down the water at night, then the flow 
will be about 0.6 cubic foot per second per square mile. For Falling 
creek, if we take the capacity at low seasons at 70 horsepower (gross) 
during 12 hours, we find the corresponding flow to be over half a cubic 
foot per second per square mile, or more than in the case of Hitchcocks 
creek; and if the capacity in ordinary seasons be taken at 150 horse- 
power (gross) during 12 hours, we obtain a flow of over 1 cubic foot 
per second per square mile. It would therefore seem that these sand- 
hiU streams discharge from one-third to 1 cubic foot per second per 
square mile of drainage area, except during freshets. Compare this 
statement with the remarks on pages 138-40; 145 and 197. 

In addition to the cotton-mills on these two small streams there are on 
Hitchcocks creek the following: (1) S. Gibson's saw- and grist-mill; 
and (2) Joe Gibson's saw-, grist- and flour-mill above Ledbetter's cotton- 
factory, each having a fall of about 6 feet and using 25 to 30 horse- 
power; (3) Ledbetter's corn- and flour-mill opposite the cotton-factorv, 
and using a small power from the same pond with a fall of 10 feet; 
(4) a cotton-gin and dynamo-house opposite the Roberdel cotton-miU, 
using 25 horsepower; (6) a cotton-gin and grist-mill opposite the Mid- 
way cotton-mill. And near the mouth of Hitchcocks creek is the old 
Wall mill, not now used. On Falling creek there is now being oper- 
ated but one small grist-mill in addition to the Great Falls cotton-fac- 
tory, though there are two other abandoned sites. The fall of Hitch- 
cocks creek from the foot of the Great Falls dam, on Falling creek, to 
the Pee Dee, a distance of 5^ miles, is 41 feet, or about 8 feet to the 
mile. The pond of the Great Falls factory is about 187 feet above 
tide, and the mouth of the creek 103 feet. The fall is said to be equally, 
great for several miles above Rockingham. 

The tributaries to the Pee Dee from Anson countv are not of much 
value for waterpower, as they appear to lie above the sand-hill belt, and 
are said to be very variable in flow. They are used only for small grist- 
and saw-mills, which often have to stop in dry weather. 
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LITTLE RIVER. 

Little river, which rises in the southern part of Randolph county and 
flows south through Montgomery and into Eichmond, joining the Pee 
Dee above Grassy Island shoal, is the next tributary worthy of men- 
tion, although its waterpower is not of much importance. The length 
of the stream is about 40 miles in a straight line, and it drains an area 
of about 400 square miles. None of its tributaries are of any conse- 
quence. It passes within a mile or so of Troy, the county-seat of Mont- 
gomery county, but there are no large towns directly on its course. Its 
fall is not large, and its flow is said to be very variable — ^very much 
more so than that of the sand-hill streams just discussed — and it is much 
more subject to freshets. There are only a few small saw- and grist- 
mills on the stream, and although it was said that there are some sites 
for power, especially on its upper parts, none of them are of value. The 
mills in use have 2 or 3 pair of stones and falls of from 6 to 10 feet, 
generally with a dam of about the same height. The flow of the stream 
is estimated at not over 50 cubic feet per second at a minimum, and 90 
or 100 during the low season of ordinary years. The rainfall is about 
46 inches, 12 in each season, except autumn. 

ROCKY RIVER. 

The next important tributary is Rocky river, which rises in the southern 
part of Iredell county, flows in a general southeasterly direction, mak- 
ing, however, several abrupt bends, and passing through Mecklenburg 
and Cabarrus counties, and then between Stanly on the north and 
Union and Anson on the south, its total length along its general course 
being about 75 miles, and its drainage area 1405 square miles. The 
stream receives a number of considerable tributaries, viz. from the south 
and west, Lanes creek (140 square miles), Richardsons creek (199 
square miles), and other smaller ones; and from the north. Long creek 
(158 square miles), Irish Buflfalo creek. Coddle creek and others. There 
are no towns of importance on the stream. As the drainage basin lies 
entirely above the fall line, the stream offers some power. The bed is 
rock, and in freshets the stream often rises over its banks. The power 
utilized is for small saw- and grist-mills and a cotton-factory. The grist- 
mills have generally 2 run of stones, which they can run almost all the 
time, although the flow of the stream is said to be quite variable. The 
cotton-factory, which is located not far from Concord, uses probably not 
over 25 horsepower with a fall of 13 feet, and can run all the time. 
ISO particular sites on the river were visited, none having been brought 
to our notice. The information which has been collected is very meager, 
but it seems probable that there is not very much power on the stream. 

13 
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The flow at its mouth is estimated at between 400 and 500 cubic feet 
per second during the low season of ordinary years. The rainfall is 
about 50 inches. 

UHARIE RIVER. 

The Uharie river, which enters the Yadkin in ilontgomery county 
just below the Narrows, rises in the northwestern part of Randolph 
county, and pursues a course nearly due south through that county and 
Montgomery, its length in a straight line being about 37 miles, and its 
drainage area 317 square miles. It passes by no important towns, and 
has no large tributaries. Its waterpower is not considered valuable, 
and is only used for country saw- and gristrmills, having generally 2 run 
of stones. The bed is rock, and the banks generally tolerably high on 
the lower part, though the low grounds are more extensive on the upper 
parts. There are no falls on the stream, and all the power has to be 
obtained by damming. The stream is, on the whole, rather sluggish, 
having a small fall, and crossing the ledges of rock at small angles, as 
has been noticed when speaking of the Narrows of the Yadkin. Its 
flow is exceedingly variable — ^in fact, the stream is said to become nearly 
dry in summer — due, perhaps, to the fact that it comes out of the slaty 
region, which has been referred to when speaking of the Deep river. 
On this account its waterpower is of small value, and the mills have 
often to stop in summer. The lowest mill is about 6 miles from the 
Yadkin, below which the fall is very small. A short distance above it 
is an old site, now not used, but probably not of much value. The 
freshets are heavy and sudden, as is to be expected in the case of a stream 
from the slate region. 

Above the Uharie there are several small streams in Rowan and 
Davidson counties, but they are hardly worthy of special mention, being 
utilized only by saw- and grist-mills, and are, as a rule sluggish, with no 
fall or available power of much importance. 

SOUTH YADKIN RIVER. 

The next important affluent is the South Yadkin river, which rises on 
the southern slope of the Brushy mountains, in Alexander county, and 
flows a little south of east through Iredell, and between Davie and 
Rowan coimties, joining the Yadkin a little above the railroad bridge, 
its total length in a straight line being about 42 miles, and its drainage 
area 820 square miles. Two of its tributaries from the north are 
worth naming, viz. Hunting and Rocky creeks, which drain respectively 
146 and 94 square miles. The bed of the stream is rock, overlaid in 
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places by detritus; the banks moderately bigb, although overflowed in 
places in times of freshet; the fall considerable, and the flow more con- 
stant than in the case of any of the tributaries thus far mentioned 
above the sand-hill belt. The power of the stream and of its tribu- 
taries is utilized to a considerable extent by saw- and gristrmills and a 
few cotton-factories, as \vill be seen by the table of utilized power. 

The first mill on the stream is 4 miles from its mouth, at South river 
(Foard & Lindsay's), and has a fall of 6 feet, with a dam of the same 
height and about 240 feet long. About 30 horsepower is utilized, but 
the available power is much greater. The drainage area above being 
about 800 square miles, the capacity may be estimated at perhaps 15 
horsepower per foot fall during very dry seasons, and at 25 to 30 
during the low seasons of ordinary years. This mill is sometimes 
troubled with backwater. The dam backs the water about 3 miles, 
nearly up to the foot of the next power above, Hairstons or Perkins 
shoal. 

Hairstons shoal is the most important one on the stream, and is 
some 12 miles from Salisbury, and above the mouth of Third creek. 
The stream has, with a dam 3^ feet high, a fall of 15 or 16 feet in a 
quarter of a mile, but the principal part is at the upper end, being 13 
or 14 feet in 200 yards. There was at one time a race cut on the north 
bank to the foot of the shoal, a quarter of a mile long, and along it were 
a foundry, a woolen-mill, and a grist-mill. When examined (1897) 
there was a race 200 yards long, at the end of which is a grist-mill, 
with a fall of 13 feet; and there was also a saw-mill 50 yards from the 
dam with a fall of 12 feet. The power used is probably not over 40 
horsepower. The dam, which extends entirely across the stream, is 
250 feet long, 3^ feet high, built of wood some years ago at a cost of 
$1250, and backing the water for a mile or so, it is said. The location 
is an excellent one — safe, and with good facilities for canals and build- 
ings. 

This power has recently been purchased by the Cooloomee Water- 
power Company and it is proposed to develop it at an early date. We 
understand that the development plans include a dam 18 feet high, 
which, it is said, will back the water about 5 miles, and it is expected 
that 1000 horsepower will be secured. This power will be transmitted 
electrically to suitable localities and sold to consumers. 

The Cooloomee Manufacturing Company propose, it is said, to erect 
a large cotton-mill near this place in the near future, to be supplied 
with power by the waterpower company. 

By means of proper storage dams, permitting the total water-supply 
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to be concentrated into 10 or 12 hours, the power due to the natural flow 
of the stream may be increased by 100 per cent or more. 

Above this shoal there are no mills for a long dL<ctance, and there are 
no important powers. Sharpe's saw- and grist-mill, about 35 miles above 
the mouth of the river is reported to have a dam 100 feet long and 8 
feet high, giving a fall of 14 feet, and to use about 35 horsepower in 
its operations. On the upper part of the stream there are small mills, 
but none worth mentioning in this connection. 

The tributaries to the South Yadkin afford a number of very good 
small powers. Second, Third, Fourth and Fifth creeks, from the 
south, are all utilized to a greater or less extent by small mills, but are 
not very favorable; and Hunting, Kocky, Bear and Snow creeks, espec- 
ially the two first named, from the north, are used to a consid^^ble 
extent for small powers. 

Hunting creek has a cotton-factory (recently burned) at Eagle mills 
with a fall of 18 feet and 60 horsepower, it is said, the dam being 3^ 
feet high, and the race 400 feet long. This stream is said to offer a 
number of sites not used, Mr. Thos. Holcomb's undeveloped shoal being 
reported as equal to that at Eagle mills. Miss Alice Campbell's grist- 
mill is reported as having a dam 110 feet long, 8 feet high, with a fall 
of 12 feet and using 25 horsepower; and Troy's saw-mill, and Xich- 
olson's grist- and saw-mills, both lower down, are said to use 50 horse- 
power each. A cotton-mill was built at Nicholson's, but its operations 
were discontinued and its machinery sold several years ago. It is prob- 
able that the tributaries from the north all have a much greater fall 
than those from the south. Hunting creek drains an area of about 146 
square miles, and the area above the factory is about 100. We would 
estimate the power at the factory at between 2 and 3 horsepower gross 
per foot fall during low seasons of ordinary years — nearer 3 than 2 — 
or perhaps 40 horsepower net, with 18 feet fall and a good motor. 
The amount of power actually used in the factory is uncertain. 

Rocky creekj with a drainage area of 94 square miles, has located on 
it Stimpson & Stoele^s cotton-factors^ (1152 spindles) and a grist- and 
saw-mill at Tumersburg, using a fall of 19 feet and about 80 horse- 
power during ten months, and 60 horsepower during the remaining 
two months. The dam is about 300 feet long and 6^ feet high. Above 
the cotton-mill are the following mills in about the order named, the 
waterpowers given being the amounts used during the average season:* 
Summers & King's grist- and saw-mills, fall of 15 feet, 75 horsepower; 

• Data for this statement were furnished by Mr. N. T. Summers, of Olin, N. C. 
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Huies' grist- and saw-mill; 12 feet fall, 35 horsepower; Jenings' grist- 
and saw-mill, 11 feet fall, 35 horsepower; A. G. Meyers & Co., grist- 
and saw-mill, 12 feet fall, 20 horsepower; Williams' grist- and saw-mill, 
12 feet fall, 20 horsepower; M. H. Shoemaker's gristrmill, 12 feet fall, 
20 horsepower; Eobert Maberry's grist- and saw-mill, 12 feet fall, 20 
horsepower. A short distance above the cotton-mill at Tumersburg 
there is reported to be an excellent undeveloped waterpower belonging 
to Mr. T. M. Gill. Rocky creek is similar in character to Hunting 
creek. 

The tributaries to the Yadkin from Forsyth, Davie, and Yadkin 
counties are not worthy of special mention, aa they are small, and in 
some cases very sluggish, offering no powers of importance. In Surry 
and Wilkes counties we come to a number of streams which rise in the 
Blue Eidge and pursue a southerly course to the river, draining a 
country very well wooded, and having a very considerable fall. In 
Wilkes county there are also a few streams of this class which rise on 
the south, on the northern slope of the Brushy mountains, and flow 
nearly north. All of these streams are said to afford numerous excel- 
lent sites for power, only a few of which are at present utilized. They 
flow over rocky beds, with banks generally favorable for the construc- 
tion of dams, and their flow is said to be not very variable. They are 
bordered with fertile and cultivated bottom-lands. Their drainage areas 
are given in the table on page 200. The mean annual rainfall over all this 
upper part of the Yadkin valley is about 51 inches — 13 in spring, 14 in 
summer, 10 in autumn, and 14 in winter. As regards the flow of the 
streams, detailed estimates are not presented, because they are liable 
to be too far in error. According to all the information which could 
be obtained regarding power utilized, the flow must be large compared 
with other streams of similar drainage area thus far considered. We 
would be inclined, however, to estimate the average flow during the low 
season of ordinary years at between 0.20 and 0.35 cubic foot per second 
per square mile of drainage area, varying between these figures for 
drainage areas between 30 and 300 square miles in area. 

The first of these streams met witii is the Little YadJciny which rises 
among the Sauratown mountains in Stokes county and flows in a south- 
westerly course, entering the Yadkin river near the northwest comer 
of Forsyth county. No important powers are reported on this stream. 

THE ARARAT RIVER. 

The Ararat river, the next and largest of these upper tributaries, 
rises among the spurs of the Blue Ridge mountains in Patrick county, 
Virginia, and flowing in a general southerly course enters the Yadkin 
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8ome ten miles above the mouth of the Little Yadkin. It drains an 
area of 815 square nules, of which something over two-thirds is forestr 
covered, and the soil of which, formed of granitic and gneissic rocks, 
is generally open or porous. The fall in the stream which descends 
from the slopes of the Blue Sidge to the Yadkin in a distance not 
greater than 40 miles, is considerable, and there are reported to be a 
nimiber of good powers along its course. Above Mt. Airy are a num- 
ber of gristr and saw-mills using from ten to twenty-five horsepower eacL 

The BLa^mbuko cotton-mill, grist- and flour-mill and machine-shop 
are located on the Ararat about 25 miles above its mouth, one-half 
mile east of Mt Airy, the small cotton-mill operating 1600 spindle& 
The wooden dam is ten feet high and 150 feet long, ponding the water 
for half a mile up the river. The fall at the mills is 14 feet, and the 
entire plant uses 40 horsepower all the year, the stream developing a 
much larger amount. 

At Buck shoals, some two miles below Mt. Airy, and 23 miles above 
the mouth of the river, is a saw- and grist-mill with a dam about 6 feet 
high and 200 feet long and a fall of 15 feet, only a small portion of the 
power being utilized. Two miles below (21 miles above the mouth 
of the stream), at Tumbling Eock, there is said to be a natural shoal 
of 10 feet fall. 

At Flat shoals (Forge mills), three miles further down and about 18 
miles above the mouth of the river, there was a dam about 350 feet 
lon^ and 8 feet high, which gave a fall of 24 feet, aflFordinc; ^vhat is 
said to be an excellent power. Half-way between the Flat shoals and 
the mouth of the river is located the Matihews grist-mill, where a 
7-foot dam gives a fall of 16 feet. 

On Stewarts creek, a tributary of the Ararat, and four miles above 
where it joins the latter stream, is located the Laurel Bluff cotton- 
mill, a small factory with 2500 spindles, and a grist-mill attached. 
There is a dam 11 feet high and 125 feet long, giving a fall at the 
mill of 16 feet which, it is claimed, develops 100 horsepower nearly 
all the time. 

On Lovills creeh, another tributary of the Ararat, is located the 
Alpine woolen-mill, about 3 miles from Mt. Airy, the mill operatinir 
20 looms and 432 spindles. There is a dam 150 feet long and 5 
feet high, giving a fall of 8 feet. The mill uses 30 horsepower, the 
available power being estimated at much more than this amount. 

Allred^s woolen-mill, operating 240 spindles, 4 looms, 1 set card 
and 1 roll card, was located on this creek, 1^ miles below the Alpine 
mill; but this has been burned. 
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Fishers river and Mitchells river are the other tributaries of the 
Yadkin in Surry county, and on both of these there are a number of 
small waterpowers available, but none of special value have been 
reported. Both rise on the slopes of the Blue Eidge and flow through 
a region largely forest-covered, and the supply of water is but slightly 
affected by the dry seasons. 

Ellcin creek, which flows for the greater part of its course in Wilkes 
county, is used at Elkin for a cotton-factory (Elkin Manufacturing 
Company), with a fall of 22 feet from a dam 100 feet long and 7 feet 
high, and using 70 horsepower during nine months and about 50 
during the remaining time. The factory contains 2000 spindles and 8 
sets of cards. The waterpower is supplemented by steam-power. 

About one-half mile above the Elkin Manufacturing Company^s mill 
are the Elkin Valley mills, which consist of a grist- and flour-mill, a 
shoe-factory and a tannery, and which use about 65 horsepower during 
the larger part of the year, from a pond which has a wood dam 13 feet 
high and 126 feet long, giving a fall of 18 feet at the wheel. This site 
was, until 1894, occupied by the woolen-mill of the Chatham Manufac- 
turing Company. 

About three miles above the Elkin Valley mills is a site known as 
Caetebs falls, which is an excellent small waterpower with an excep- 
tionally large fall in a short distance. 

In Wilkes county the more important tributaries of the Yadkin, 
Roaring river, Rock creek, Mulberry river, Reddies river, Lewis fork, 
Stony fork and Elk creek, all rise among the spurs of the Blue Ridge 
and flow as rapid mountain streams through forest-covered areas; and 
all afford numerous small powers, large enough and constant enough to 
run small factories, saw-, grist- and flouring-mills. The banks of these 
streams being generally high, dams can be built cheaply and without 
danger of overflowing large tracts of fertile land; so that a large part 
of the total fall of these streams may thus be rendered available for 
power, and there seems no doubt that a large amount of power can be 
utilized in this region. In the case of a majority of these streams it is 
probable that near their junction with the Yadkin they would afford 
from 2 to 4 horsepower per foot fall in dry seasons, and sites can be 
found here and there which can be easily developed so as to have falls 
of 20 to 30 feet. These powers have been rendered more accessible 
by the construction of the Wilkesboro railroad. The climate through- 
out this region is remarkably healthy and salubrious. 

Reddies river rises on the southeastern slopes of the Blue Bidge and 
after flowing for about 20 miles, following the general course of the 
stream, in a southeasterly course, it empties into the Yadkin river just 
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above the town of North Wilkesboro, draining in its course through the 
county an area of 47 square miles. 

A short distance above the mouth of the stream there is a sash, door, 
blind and building material factory which obtains its power from this 
stream. There is a shoal with a natural fall of 4.6 feet and on this is 
built a 9-foot dam, giving a total fall of 13.6 feet. It is said that a 40- 
barrel capacity roller flour-mill will soon be completed here which will 
also use power from this development. 

The following table will give in a more connected form a view of the 
drainage areas of the various streams tributary to the Yadkin : 

Drainaoe Areas of thb TRiBUTARrES of thb Tadkin. 



Stream. Tributary to what. Above what place. ^rfiSJ^ 



Sq. miles. 



Wacoamawriver Yadkin- Pee Dee Mouth 1,296 

do I .... do i In North Carol ina 7«8 

Black river do Mouth 1,510 

Little Pee Dee river do do I 3,082 

Do do In NorthK^arolina 1.942 

Do do Mouth of Lumber river. ilS 

Lumber river Little Pee Dee Mouth 1,790 

Black creek Yadkin-Pee Dee do 467 

Joneacreek do do 96 

HitchcockB creek do do 108 

Do do AtmouthofFallinircrecki 86 

Falling creek Hitchcocks creek Mouth 18 

Littleriver Yadkin-Pee Dee do 400 

Browns creek do do 206 

Uharie river do do 317 

Rookyrlver do do 1,406 

Do do At Garmen'8 mills 588 

Long creek Kocky river Mouth l.W 

Hichard sons creek do do 199 

Lanesoreek do do 140 

Cranecreek Yadkin do 103 

Orantsoreek do do 84 

South Yadkin river do do 880 

Do do Hairs tons falls 591 

Third creek 8outh Yadkin Mouth 215 

Fourthcreek Thirdcreek do 68 

Bearcreek South Yadkin ....do 40 

Dutchmans creek do do 18 

Huntingoreek do do 146 

Do do Factory 100 

Rocky river do Mouth 94 

Do do Factory 88 

Second creek South Yadkin Mouth 108 

Muddy creek Yadkin do 179 

Abbottscreek do do 198 

Dutchmans creek ' do do 97 

Deep creek do do 108 

Little Yadkin river do do 58 

Ararat river do do 315 

Do do Mount Airy 60 

Stewarts creek Ararat Mouth .M 

Lovlllscreek do do .\2 

Elkin creeic Yadkin .... do 63 

Fishers river do do 90 

Mitchells river do do 81 

Roaring river do do W 

Mulberry creek »lo do 5* 

Reddles river do do 47 

Cubcreek do do 37 

Moravian creek do cjo 31 

Warrior creek do do ;R 

Buffalocreek do do 41 
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Table of power utilized on the Tadkin river.— Continued. 



Name of stream. 



Tributary t^ 
what. 



County. 



Ob 









Kind of mill. 



I 



Other tributaries of i Yudkln Richmond 



Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



.do do , 

.do Montifomery . 

.do do 

.do Randolph 

.do — do 

do Davidson 

.do — do , 

.do — do 

do Forsyth 

.do Stokes 

.do do 

.do Anson 

.do do 

.do Mecklenberjf 

.do Rowan 

.do Davie 

.do do 

.do Yadkin 

Ararat river do Surry , 

Do do do 

Do do.. 

Do do.. 

Stewarts creek Ararat . 

Lovllls creek , do . . 

Blkin creek I Yadkin 

Do i . . . . do . . 

All other tribu taries of do.. 

Do do.. 

Do do Wilkes. 

Do do — do .. 



do 
do 
do 
do 
do 
do 
do 
.do 



Flour and irrist . 

Cotton-jrln 

Flour and grist . 

Saw 

....do 

Flour and grist . 

— do 
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Cotton-gin 
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— do 
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... do 

Flour and grist . 

• ■ • • (Ax/ •••• • • •• 

....do 

....do 
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Cotton-factory. . 
Shoe-factory — 

Saw 

Flour and grist.. 

....do 
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o 


£i 


t- . ^ 


S as 


"-« 


.0 V- ■ 




e « ■ 




3 ■ 


»» 


^ ^ : 


r 


3 50.0 


54 


1 10.0 


30 


9 


« 


1 8.0 


15 


6 52.0 


C6 


13 208.0 


Its 


28 240.0 


446 


12 80.0 


154 


1 ».o 


4 


13 227.0 


188 


5 70.0 


08 


3; 


73 


2 23.0 


» 


7 135.0 


137 


2 88.0 


ST 


18 


13S 


1 ..... 


75 


1 9.0 


8 


121 


in 


1' 14.0 


40 


1 15.0 




1 16.0 . 


• » • • 


1 16.0 


100 


1 8.0 


30 


1 28.0 


70 


1 18.0 


tf 


4 53.0 


37 


11 163.0 


110 


12 140.0 


1(£ 


2 12.0 


14 



CHAPTER IX. 

THE CATAWBA EIVER AND TEIBUTAEIES/ 

THE CATAWBA BIVEB. 

The Catawba river rises on the eastern slope of the Blue Eidge, in 
McDowell county, North Carolina, its main source being between the 
Blue Eidge and a spur of the same known as Bald mountain. It first 
flows nearly northeast into Burke county, and then nearly east between 
Caldwell and Alexander on its left and Burke and Catawba counties on its 
right. It then bends quite abruptly toward the south, and flows in a direc- 
tion a little east of south between Iredell and .Mecklenburg counties, 
Xorth Carolina, and Lancaster, Kershaw and Sumter counties. South 
Carolina, on its left, and Catawba, Lincoln and Gaston counties. North 
Carolina, and York, Chester, Fairfield and Eichland counties. South 
Carolina, on its right, uniting with the Congaree to form the Santee. 
It also flows for a short distance through Kershaw county, South Caro- 
lina. Its general course is seen to be nearly parallel to that of the 
Yadkin and Great Pee Dee. The river is known as the Catawba down 
as far as the mouth of the Big Wateree creek, in Fairfield county, South 
Carolina, below which point it is known as the Wateree. Its total 
length, in a straight line, is about 160 or 170 miles, but by the general 
course of the river it is nearly 225 miles, and over 300 miles if all its 
windings are followed. The length of the Wateree is about 105 miles, 
and the total length in South Carolina about 160 miles. The prin- 
cipal town on the river is Camden, South Carolina, ther^ being no 
important ones above. 

The stream is navigable as high as Camden, it being probably prac- 
ticable to secure a depth of 2 feet and over up to this place. Above 
Camden the fall of the stream is so great that navigation is not prac- 
ticable. About the year 1826 the state of South Carolina attempted to 
render the river navigable by means of locks, dams, and canals, and 
several very extensive and important works were constructed at great 
expense; but the undertaking is said to have been given up before the 
works were completed. 

The total area drained by the stream embraces about 5225 square 



^ By Geo. F. Swain and J. A. Holmes. 

» Annual Report Chief of Engineers, 1880, p. 916. 
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miles (of which 3085 are in North Carolina), and the drainage basin 
resembles in many respects that of the Yadkin, so that it need not be 
described here in detail. Like the Yadkin, the upper part of the river 
flows between parallel ranges of mountains, from which it receives a 
number of tributaries, affording considerable waterpower, and with a 
rapid fall, the width of the valley being about the same as that of the 
Yadkin. In the lower half of its course in North Carolina the vallev 
of the Catawba is very narrow — not over 16 or 20 miles in width — and 
it receives only one important tributary, the South fork, which enters 
from the west near the South Carolina line, after draining an area of 
about 730 square miles. Below this point the valley is wider, but there 
are no tributaries of much importance. A few miles above Camden 
the river crosses the fall line, and below that point it partakes of the 
general character of the streams of the eastern division. The country 
drained by the river is very fertile and well populated, the productions 
being about the same as in the Yadkin valley. The valley abounds in 
building stone of the best kind. In Gaston, Lincoln, and Catawba 
counties there are fine deposits of iron ore and a number of deposits of 
gold ore; and in Gaston coimty are several valuable deposits of pyrites. 

As r^ards bed, banks, freshets and bottoms, the river resembles the 
Yadkin, except that the bottoms are narrower in the lower half of its 
course in North Carolina. There are no lakes in the basin, but in the 
upper part the facilities for storage are said to be good. The soil in this 
upper part is generally porous, and at least 65 per cent, of the area in 
Burke, Alexander, Caldwell and McDowell counties is forest-covered. 

The average rainfall in the basin is about 50 inches, of which about 
12 fall in spring, 14 in summer, 10 in autumn, and 14 in winter. 
Toward the upper part of the stream, however, the rainfall in winter 
increases, and is probably greater than in the summer. 

The elevation of the stream at different points is given in the follow- 
ing table, from wliieli it will be seen that the fall is very great for such 
a large stream; and it is this large fall which has prevented the river 
from having ever been made navigable, although, as already remarked, 
many years ago the state of South Carolina expended a great amount of 
money endeavoring to make it navigable by means of locks, dams and 
canals. 

The flow of the river was measured by Professor Kerr near Hickory, 
giving 2156 cubic feet per second, which is evidently not the low-season 
flow, as the drainage area above this point is not much over 1000 square 

miles. 

Measurements of flow were made by the Geological Survey in 1896, 
1897 and 1898 at Rock Hill, S. C. (drainage area given as 2987 square 
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Table or Declivity or the Catawba and Watekbb riverh. 



Place. 



Junction with Congaree i 

Crossing of Charleston and Northwestern railroad 
(narrow gauge) I 

Crossing of Charlotte, Columbia and Augusta railroad. . . ' 

Cro89ingof Piedmont Air Line (Southern) railroad i 

Crossing of Western North Carolina railroad 

Five miles northwest of Hickory 

Morganton 

Mill creek« two miles east of Old Port 



Mill creek at Old Fort 

Mill creek, last crossing of Western North Carolina 
railroad ' 



Swannanoa gap (headwaters) 



Co 
SB 



fl « 



•^1 



Miles. Feet, i Miles. 



c 
« 

II 



Feet. 



« 

fa 
& 

Feet 

per 

mile. 




miles), and at Catawba, N. C. (drainage area given as 1535 square 
miles); and a statement of the results will be found on pp. 312-319 of 
this report. 

At Rock Hill, S. C, the smallest flow measured was 1336 cubic feet 
per second, or 0.45 cubic foot per second per square mile, and the max- 
imum was 46,040 cubic feet per second, or 15.5 cubic feet per second 
per square mile. 

At Catawba, "N". C, the smallest flow measured was 732 cubic feet 
per second, or 0.48 cubic foot per second per square mile, and the max- 
imum was 9711 cubic feet per second, or 6.3 cubic feet per second per 
square mile. 

These measurements, however, have not been extended over a suf- 
ficiently long period of time for them to sers-e as a reliable basis for 
computing the minimum or the low-season flow. 

The map shows the railroads which cross the stream, from which it 
will be seen that it is easily accessible in almost all of its parts. 

It may be mentioned here that the width of the river between the 
mouth of Wateree creek in South Carolina (where the Catawba be- 
comes the Wateree) to the Xorth Carolina line varies from 300 to 3000 
feet, while its banks vary in height from 10 to 100 feet, being generally 
nearer the lower figure. 
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WATERPOWER ON THE CATAWBA RIVER. 

We may now proceed to describe with as mucli detail as the infor- 
mation in hand will permit, the more important waterpowers on the 
Catawba in JSTorth Carolina, ascending from the mouth of the South 
fork at the South Carolina line. 

The river was surveyed in 1824, under authority of the state of 
North Carolina, between the state line and Moores shoals, 10 miles 
below Morganton, by ilr. Hamilton Fulton, a portion of whose map 
and profile is in the office of the state geologist in Ealeigh, from which 
the table of shoals further on is condensed/ Beside the shoals men- 
tioned in the table, there are numerous others of smaller fall, but which, 
however, may be more favorable for power than those named, being 
perhaps more favorably located, and permitting the erection of high 
dams. All these points can onlv be determined bv a survev. 

Near the state line there are several shoals with falls of from 3 to 
5 feet, some of which have been used to a limited extent, but there is 
so often trouble from high water that these sites are unsuitable for fac- 
tories. 

At Ross FALLS, located a short distance above the state line, there 
is said to be a fall of 8.1 feet in a distance of 0.9 mile. 

At Rock Island shoal is now located, on the Mecklenburg side of 
the river, a grist- and saw-mill, owned by Hilton & Erwin. There is a 
wing-dam about 350 feet long and 5 feet high which gives a faJl at 
the mill of about 9 feet, and the power used is about 60 horsepower. 
There were formerly located here the Rock Island woolen-mills. 

The TucKASEGEE SHOAL, aboiit 9 miles above the state line and one 
mile below the Carolina Central railroad crossing, is a waterpower of 
considerable importance, and has been more largely developed than 
those below it. The natural fall here is said to be 11.22 feet in a dis- 
tance of 1.02 miles. The Tuckasegee Manufacturing Company's 
cotton-mill, located on the Gaston or west side of the shoal, contains 55 
cards and 6000 spindles, all operated by water, about 150 horsepower 
being used. There is a wooden wing-dam about 200 feet long, giving a 
fall of water at the mill of 11 feet There is never any trouble from 
low water, but high water interferes with the running of the mill during 
an average of 6 days in the year. As seen from the table given on page 
212, the " minimum " or lowest possible power of the dryest season here 
should be about 425 horsepower. 

Mountain Island shoal. — Three miles above the Tuckasegee shoal 
is the fourth power on the Catawba in Xorth Carolina, at Mountain 

> Extract from Annual Report Chief of Engineers, 1876, p. 33, et i^eq. 
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Island shoal, about 3 miles above the Carolina Central railroad, and 
above the mouth of Dutchmans creek. The fall in the river between a 
point one mile above the factory, or a little above the head of the shoal, 
and the railroad bridge below is 38 feet,' but of this fall nearly 30 feet 
occurs in one mile near the factory. The bed of the stream is rock, 
the banks on the east side steep, while they are shelving on the west 
and very favorable for building, with no danger from high water. The 
power is utilized to a small extent by the cotton-factory of the Catawba 
Electric Power Company, containing 6300 spindles, 100 looms and 48 
cards. At the head of the shoal is a series of three small islands near 
the right bank, with the distance of only a few feet between them and 
the shore, and between the islands and the shore a certain amount of 
water flows naturally, with no dam to turn it in. This water is all that 
is used by the factory, there being no dam at the head of the islands 
except a wing-dam of wood, 300 feet long and 4 feet high, used to turn 
the water into the " race," and the only other dams are three slough- 
dams, connecting the islands with each other and the lowest one with 
the shore, the two former of which are of rough stone and the third 
of crib-work, and about 40 feet long and 8 feet high. From the foot 
of the lowest island an artificial race about 600 feet long leads to the 
factory, where a fall of 22^ feet is used and about 190 horsepower; in 
addition to which there is a grist- and saw-mill and a cotton-gin, using 
together 50 to 60 horsepower and 15 to 16 feet fall. Full capacity can 
be secured all the time. The total distance between the head of the 
small islands referred to and the factory is about threequarters of a 
mile, below which the fall continues for a short distance. The fall in 
the canal is considerable, and the total fall down to the factory is in 
the neighborhood of 26 feet. 

The drainage area above this shoal being about 1538 square miles, 
the power is estimated as follows: 

Table of Power at Mountain Island shoal. 
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The whole of this power is easily available on the west bank, with 
good facilities for buildings and canals. A series of mills could be 
built, using an average fall of 25 feet or more, and with little trouble 
from high water, and none from ice. The east side is not so favor- 
able. It is to be remarked that the pond would probably be small, and 
the power could not be concentrated into fewer than 24 hours except 
by reservoirs elsewhere. The shoal is 12 miles from Charlotte and 3 
miles from the Carolina Central railroad, with which it might easily 
be put in commimication by rail. It is in the cotton-belt, and in a most 
healthy part of the country. It is one of the most available powers 
in North Carolina. 

Just above Mountain island the river makes a remarkable bend, or 
horseshoe, the distance by land across the chord being 1^ miles, while 
it is 7i miles around by the river.^ This bend has been talked of as a 
site for waterpower, which would afford a large fall if the bend 
were cut through. According to Professor Kerr, however, the river is 
sluggish along the bend, and the total fall is small, some 9 or 10 feet 
only. 

Of the shoals above Mountain island but few have been utilized, and 
these to only a small extent. They have not been examined by the 
writers, and the information here given concerning them has been de- 
rived from the reports of the Chief of Engineers of the United States 
Army, the chart made by Hamilton Fulton in 1824, and by corre- 
spondence from persons living in the region through which the river 
passes. The names given to these shoals are those which were in use 
many years ago, and in a few cases other names may have been in part 
substituted for those here given. 

Cowan ford shoal, the first important shoal reported above Moun- 
tain island, has a fall of 27.25 feet in a distance of 4.17 miles. As 
shown in the table below (p. 212), the estimated minimum power here 
for the dryest seasons is 900 horsepower; but the extent to which this 
power can be rendered available can only be determined by a careful 
survey of the entire shoal. 

Beatties ford snoAL is about 6 miles further up the river. This 
latter is reported to be a good power but is undeveloped. Its availa- 
bility can be determined only bv a careful examination. It has a fall of 
13 feet in 2.38 miles, and 8 feet of this fall is said to occur in about 
1000 feet, where the stream has a width of about 100 yards and a good 
rock ])ottom suitable as a foundation for a dam. Its estimated power 
for the total fall (13 feet) in the dryest of diy seasons is 420 horsepower. 

' Annual Report Chief of Ennrineers. 1876, app. G, p. 31. 
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In ordinary seasons the power would be considerably greater. A fuller 
tabular statement of the power of this shoal is given below (p. 212). 

The MoNBo SHOAL (old Granite shoal), 2 miles above Sherrills ford 
and 2 miles below the Buffalo shoal, is the first of the shoals above 
Mountain island which is now utilized to any considerable extent. Here 
the cotton-mill of the Monbo Manufacturing Company (formerly the 
Granite shoals mill of the Catawba Manufacturing Company), operating 
7 cards, 43 looms and 1600 spindles, is located on the west bank of the 
river 8 miles southeast of Catawba, the nearest station on the Western 
North Carolina railroad. At this point the river is about one-fourth 
mile wide and divided by islands. From the Monbo mill a dam 225 
feet long and 4 feet high extends across a division of the river to Goat 
island, and thence a wing-dam 2 feet high extends up the river nearly 
800 feet to the lower end of Long island, which many years ago was 
known as Crawfords island. This wing-dam and island divide the 
river into two parts; the western portion forms the power for the 
Monbo mill, the eastern or Iredell side iS still an undeveloped shoal. 
The Monbo mill has a six-foot fall of water at the wheel and uses about 
60 horsepower, this being but a small part of the power available. The 
running of the mill is never interfered with by low water, but high 
Avater interferes during a few days of each year. 

Long Island shoal (formerly known as the Crawford Island shoal), 
about one mile above the Monbo mill, like the latter, is located on the 
Catawba or west bank of the river, and derives its power from a shoal 
in that part of the river between the west bank and Long island. The 
-cotton factory (Long Island mill) located here is 7 miles southeast of 
the nearest railroad depot — Catawba station, on the Western North 
Carolina railroad. It operates 10 sets of cards and 3000 spindles, using 
-about 60 horsepower, a small part of the power available. The dam is 
about 300 feet long, extending from the west bank to Long island, and 
is 3 to 6 feet high, the fall of water at the mill being 6.5 feet. The 
old Crawford Island shoal as measured by Hamilton Fulton (1824) is 
recorded as having a fall of 23.44 feet in 1.69 miles, and this shoal has 
an estimated minimum of 700 horsepower in the drj'est of dry seasons, 
while in ordinary seasons the power would be much greater. Whether 
this measurement included both the Monbo and Long Island shoals as 
-described above, or only the latter, cannot now be determined without 
a remeasurement. The table below gives the estimated power of the 
total fall (23.44 feet) at these shoals (p. 212). 

Buffalo shoal, about 2 miles above Long Island shoal, has a fall of 
11.4 feet in a little more than half a mile (.66). It is said to be a good 
«ite for waterpower, but is undeveloped at the present time. The min- 

14 
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imum dry season power estimated for this fall (11.4 feet) is 325 horse- 
power, while in ordinary seasons the power would be much greats. 
This shoal is but a short distance below the Western North Carolina 
railroad. (See table of power, p. 212.) 

About 7 miles above Buffalo shoals and a less distance above the rail- 
road, is a shoal with a fall of 9.7 feet in a distance of 2.18 inilee, and 
2 miles higher up the river is another shoal with a fall of 8.6 feet in a 
distance of 1.32 miles. The first of these has an estimated TninimuTn 
dry season flow equivalent to 250 horsepower; and the latter of 225 
horsepower. During ordinary seasons the power would be much greater 
than this (p. 212). 

LooEoxTT SHOAL, the lower end of which is 1.3 miles above the lastr 
mentioned shoal and 6 miles (across country) above the Western North 
Carolina railroad at Catawba station, has the greatest fall of any shoal 
on the river in Korth Carolina, the descent being 54.25 feet in a distance 
of 3.2 miles. About 30 feet of this fall is said to occur in a distance 
of three-fourths of a mile, the river at this place having a width of 
about 900 feet The bed of the river is of rock, and there is said to 
be an abundance of stone of good quality convenient for btdlding, and 
good factory sites on both sides of the river. The shoal has be^i 
developed to only a small extent, being used for a saw-* and roller flour- 
mill. It is evidently an excellent waterpower, as shown by the table 
below, which indicates the minimum estimated power for the total fall 
(54.25 feet) in the very dryest possible season to be 1450 horsepower, 
while the power during ordinary dry seasons would be much greater 
than this (p. 212). 

Lower Little river shoal, about one and one-third miiles above 
the top of Lookout shoal, is between the upper end of Druin island and 
the lower end of Three-cornered island, with a fall of 9.7 feet in a length 
of 1.16 miles. Its estimated minimum in the drj'est season is 260 horse- 
power, that in ordinary dry seasons being much greater than thi& 
Between the upper end of this shoal and the mouth of Lower Little 
river are small shoals having a fall of 3.36 feet in a distance of nearly 
one mile. 

Cakoe-landino shoal, about two miles above the mouth of Lower 
Little river, has a fall of 8.94 feet in a distance of 1.87 miles. As will 
be seen from the tables given below, the estimated minimum power of 
this shoal on the basis of the natural fall (8.94 feet) in the dryest sea- 
son of the dryest year is 225 hoi^sepower. During ordinary dry seasons 
the power would be much greater (page 212). 

Great Falls shoal, just above the Canoe-landing shocd, has a fall 
of 14.82 foot in a distance of 1.02 miles. It has an estimated minimum 
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in the dryest possible season of 375 horsepowei:, while in ordinary dry 
seasons the power would be much greater than this (page 212). 

These two shoals considered together have a total fall of 23.76 feet 
in a distance of 2.89 miles. And it may be possible to develop the 
two together into one fine power, but the cost and practicability of this 
can be determined only by careful surveys. 

HoBSEFOBD SHOAL, 3 milcs uorth of Hickory, and about 5 miles below 
the crossing of the Carolina and Northwestern (narrow gauge) railroad, 
as will be seen from the table below, has a fall of 31.4 feet in 2.9 
miles. The power is being utilized here to a limited extent only. On 
the upper part of the shoal a fall of 6 feet is being used to run the 
Catawba limiber-mills, and on the middle portion of the shoal are located 
the Horseford saw- and grist-mills (the latter with three run of stones), 
using about 25 to 30 horsepower. This is imdoubtedly one of the large- 
est and most available, as well as most accessible, waterpowers of the 
upper Catawba river. It has been purchased recently by the Odell 
Manufacturing Company, with the reported purpose of developing the 
entire power at an early date. Transportation facilities are good, the 
site being within 3 miles of the Western North Carolina railroad at 
Hickory, and within a shorter distance of the narrow gauge railroad. 
A track could easily be built to the shoals from either of these roads. 
The table below indicates the estimated minimum power at this shoal 
in the dryest of dry seasons to be 700 horsepower, and for ordraary 
dry seasons the figure would be considerably larger (page 212). The 
development of this shoal is said to be already in progress. 

Dbvtl shoal, the lower end of which is 6 miles above the Horse- 
ford shoal, has a fall of 13.78 feet in a distance of 1.01 miles and is 
said to be a fine location. The estimated power of this shoal is indi- 
cated in the general table given below, where it will be seen that the 
estimated minimum in the dryest season of the dryest year is 290 horse- 
power, and much greater during ordinary dry seasons (p. 212). The 
shoal is about three miles from the Western North Carolina railroad, 
very close to the line of the narrow gauge railroad, and is about 6 miles 
northwest of Hickory. A ledge of rock is reported to extend entirely 
across the river, offering a good site for a dam. 

Rocky ford shoal, at Morganton, and some 20 miles above Devil 
shoal, has a natural fall of 9.5 feet in a distance of about 1500 feet. 
As shown in the table below, the estimated minimum in the dryest pos- 
sible season is 100 horsepower, while during ordinary dry seasons the 
power would be considerably greater than this (see table on p. 212). 
This power was formerly used for a grist-mill and there was a dam 2 
feet high and 400 feet long, giving a fall of 11.5 feet at the mill; and 
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the wheel gave 60 to 70 horsepower with water wasting all the while 
This mill is not now in use. 

Above Morganton the river has ft rapid fall, but it is more xinifonn 
than below, the shoals being more numerous, but not with such 
sudden descents. Between Morganton and the mouth of Mill creek 
there are 107 shoals, with an average fall of about 2 feet, the di^ance 
being 50 miles. The valley narrows gradually to one-half mile in width. 

In McDowell county the river forks into Mill creek, which the West- 
em North Carolina railroad follows, and the South Catawba, on which 
occur the Catawba falls, where the fall is said to be several hundred 
feet in a short distance, but the stream is too small to be much used 
for power. Both of these streams, as well as the others which enter the 
Catawba in McDowell county, are mountain streams, with a lai^ fall 
and often abrupt descents of many feet, forming cascades and cataracts 
of great beauty. Some of them are used by small grist- and saw-mills. 
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TKIBUTABIES OF THE CATAWBA— SOUTH FOBK. 

The first of the tributaries to the Catawba river in North Carolina is 
the South fork, which enters the main stream just at the state line, 
and which is noted for its waterpower. It is formed near the center 
of Catawba county by the union of two forks, Henrys and Jacobs 
forks, both of which take their rise among the South mountains in the 
southern part of Burke county and flow nearly east into Catawba county. 
From the junction of these forks the river pursues a course a little east 
of south through Catawba, Lincoln and Gaston counties, entering the 
Catawba river at the southeastern comer of the latter, after draining 
a total area of about 730 square miles. Its tributaries, with the excep- 
tion of the forks above mentioned, are all small streams, not worthy of 
special notice. The river passes within a mile or two of lincolnton and 
within 3 or 4 miles of Newton, the county-seats of Lincoln and Ca- 
tawba counties, respectively, and the most important towns in the 
vicinity. The character of the drainage area and of the stream, dif- 
fering in no particular respect from that of the Catawba river in its 
course in North Carolina, need not be described in detail. The rainfall 
is about 51 or 52 inches, distributed as follows: spring, 12; summer, 14; 
autumn, 10; winter, 16. 

The stream has a rapid fall from Lincolnton down to its mouth, as 
will be seen from the following table, and in fact it is nothing but a 
series of rapids between those points, with few bottoms subject to over- 
flow. From Lincolnton up to the junction of Henrys and Jacobs forks 
it is flat, with no large powers, and with considerable areas subject to 
overflow. 

Table of declivity of the South vork op the Catawba. 
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There are no reliable records of gangings of the river. The stream is 
subject to heavy freshets, which overflow the banks in places, but the 
fall is 30 rapid below Lincolnton that the rise is not extreme in that 
portion of its course. The bed is uniformly rock at the shoals, over- 
laid between by gravel, clay and sand. The stream is easily acces- 
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sible from three railroads, as the map shows. The Charleston and 
Northwestern (Chester and Lenoir) narrow gauge road has done much 
towards opening up the resources of the region along this stream, as 
well as on the Catawba. 

The more important powers on this stream are as follows, in their 
order, ascending: 

Stowesvillb ootton-mill, 3 miles from Belmont station <mi the 
Southern railroad, is utilizing the first important shoal on the ziveTi 
being located on its east bank, about 4 miles above its junction with 
the Catawba. The mill contains 24 looms, 2250 spindles and 16 caida, 
operated by waterpower alone. The dam is 5 feet high and 200 feet 
long, built of wood and stone, making a small pond, giyingy throogH a 
race 500 to 600 feet long, a fall of 16 feet at the wheel. There is 
ample power all the time, but high water causes occasional short inter- 
ruptions, the power used being perhaps 50 to 60 or more horsepower 
for the factory. Kear the latter is a gristrmUl, and on the opposite aide 
of the river a saw-mill and cotton-gin, the total power used being per- 
haps 100 horsepower. The factory is run night and day, and there is 
always waste of water. The estimate of the power available at this place 
will be f o\md in the table. 

SpRmo SHOAL, the next power on the river, is the site of the 
McAden mills, located six miles above the Stowesville mill, just above 
the mouth of Duharts creek and 1^ mUes from Lowell station on the 
Southern railroad. The mill contains 320 looms and 15,000 spindles. 
The dam is 5 feet high and 600 feet long, and the fall at the factory 
is 23^ feet, developing one of the best powers on the river. The fall 
of the shoal is about 24 feet in about 500 feet, and in less than half a 
mile there is said to be nearly 30 feet fall over a bed of solid rock, with 
rock banks, very favorable for building on one side. The dam, built in 
1881 at a cost of $1200, is of timber bolted to the rock, extending 
diagonally across the stream, 2J feet high and 600 feet long, backing the 
water about three-fourths of a mile. From it a race 350 feet long, 50 
feet wide and 6 feet deep leads to the factory, where the fall is 23^ feet 
The two 42-inch Victor turbines on horizontal shafts are said to be 
capable of developing 750 horsepower under a head of 24 feet. Only 
part of this is necessary to operate the machinery. The table on page 
218 gives an estimate of the power available. This shoal is in the 
middle of the cotton belt, with good building stone (gneiss) near-by, an 
abundance of timber, and in very healthy coimtry (Plate IX). 

Massey shoal. — This name has been applied primarily to the lower 
of three shoals so close together that they can be developed as one 
power. The upper shoal was formerly occupied by the mill of the 
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Woodlawn Manufacturing Company, and the middle shoal by the cotton- 
factory of the Lawrence Manufacturing Company; but all three of the 
shoals now belong to the Coats Company of Philadelphia. They have a 
combined fall of 25.9 feet in a distance of about a mile. The estimated 
minimum power of the combined shoals in the dryest of dry seasons is 
about 375 horsepower, while during ordinary dry seasons it would be 
much greater than this. 

Spencer Mountain mill, 3 miles above the Massey shoal and 12 or 
13 miles above the mouth. of the river, contains 6000 spindles and 30 
cards, and uses about 100 horsepower. The wooden frame dam, 600 
feet long and from 2 to 7 feet high, gives a fall of 13 feet at the 
wheel through a race 190 feet long. The fall here might be increased, 
it is said, the available fall being reported as 18 feet or more. There 
is considerable fall below the mill, which is therefore never troubled 
with high water. If the full 18 feet fall be developed the resulting power 
should not be less than 240 horsepower even in the dryest possible 
seasons, and during ordinary seasons it should be much greater (p. 218). 

The next is an tmimproved site with about 4 feet fall, where there was 
formerly a mill. 

Fridat shoal, a rock shoal, said to have 10 feet fall and to be a 
good power. It is below the mouth of Kettle-shoal creek and about 
one mile from the Carolina and Northwestern railroad. This site is 
now occupied by the cotton-mill of the Harden Manufacturing Com- 
pany, which contains 2080 spindles. The dam is 6 feet high and 200 
feet long, giving a fall of 16 feet at the mill, which probably uses 80 
to 85 horsepower, available during the dryest possible seasons. 

High shoals, the next power, is one of the best on the stream. It 
is situated between the mouths of Kettle-shoal creek and Hynes creek, 
7 miles from Lincolnton and one from the Carolina and Northwestern 
railroad, which crosses the river just below it. The stream here flows 
over a ledge of solid gneiss rock, the fall being about 22 feet in 300; 
but the fall continues below for some distance, amounting to 27 feet in 
600, and probably 35 feet in a quarter of a mile or more. The banks 
are quite abrupt on both sides, but there is still abundance of room for 
building, the best location being on the left bank. The whole flow of 
the stream can easily be controlled, the facilities being in all respects 
most excellent. The width of the stream is 300 feet above the fall, 
and probably greater below, the channel being cut up with islands and 
rocks. Just below the principal fall a small creek enters the river 
from the left, which could be utilized well as a tail-race if the mills 
were situated on the hill by which it flows. This power was used until 
about 25 or 30 years ago to drive iron works (rolling-mill, nail-factory 
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and others), together with a grist- and a saw-mill situated on the left 
bank, and using together 180 horsepower. The ruins of the old iron 
works are still to be seen, and it is evident that they utilized a fall of 
between 22 and 27 feet. The drainage area above is 518 square miles. 
No gaugings have been made which will enable us to estimate the 
power at this fine site. In the immediate vicinity are some of the most 
noted deposits of iron ore in the state. The Carolina and Northwestern 
railroad will afford the best facilities for transportation. It is expected 
that this excellent power will be fully developed in the near future by 
a company of which D. A. Tompkins of Charlotte is the manager. 

Long shoals cotton-mill is situated on the river just belotv the 
mouth of Indian creek, and four miles below Lincolnton, on a shoal 
of the same name. The banks here are favorable for building on the 
left side, where the mill is situated. This mill contains 5200 spindles, 
and is run by waterpower alone. The fall of water at the mill is 13 
feet from a race about 300 feet long, and it is expected to develop 300 
horsepower in ordinary seasons. The dam, of wood and stone, is 13 
feet high and 300 feet long. 

MosTELLERS SHOAL, unimprovcd, about one-half mile above Long 
shoal, has a fall of 7 feet over rock bottom. 

The Lincoln mill, the next power on the river, is on the site of the 
old paper mill owned by W. & R. Tiddy, of Charlotte, and is located four 
miles below Lincolnton. The mill contains 5000 spindles. The dam is 
of wood, about 276 feet long and 11 feet high, giving a fall of 13 feet 
at the wheel, and it is said that 150 horsepower can be obtained here at 
all times and with no waste in summer. 

The Labokatory coiton-mill, containing 6500 spindles, is located 
on the river half a mile above the Lincoln mill and above the mouth of 
Indian creek but below that of Sand branch. The dam is of logs, G 
feet high and 500 feet long, giving a fall of 9 feet at the mill. The 
pond is large, and the power used can be obtained practically all the 
time, though there is a reported loss of a few days on account of high 
water. 

The Lincolnton shoal, located within the town limits, is the next 
power and is the site of Elm Grove cotton-mill, which was formerly 
operated by waterpower, obtained from a fall of 6^ feet. But the fac- 
tory is now operated entirely by steam; the waterpower has been aban- 
doned and the dam removed. Further up the river and on its higher 
tributary branches there are a number of excellent small powers, some 
of which are utilized in operating saw- and grist-mills and others are 
undevf'lopcd, but no special examinatirm of those has yet been made, 
and they cannot be described in the present report. 
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It will be seen that the south fork of the Catawba is an excellent 
stream for power, a large amount of which is already utilized. The 
climate in the vicinity is salubrious, the agricultural and mineral 
resources of the country very large, and the facilities for manufacturing 
in all respects hardly to be excelled. 

TRIBUTARIES OB^ CATAWBA ABOVE SOUTH FORK. 

DUTCHMANS CREEK. 

Dutchmans creek enters the Catawba just above the crossing of the 
Carolina Central railroad, and is the next tributary worth mentioning 
above the South fork. It rises in Lincoln county and flows nearly 
south, draining an area of 88 square miles, and is a small stream with 
only three powers worth referring to. 

The Mount Holly mill, located in the town of Mount Holly, one 
and one-half miles above the mouth of the creek, operates 2500 spin- 
dles. Here a fall of 8 feet is used and 50 horsepower is obtained for 
nine months of the year and 35 for the remaining three, a steam-engine 
being used for that time. There is no water waste in dry summers, the 
mill being run all the time. There is some trouble from high water, 
the stream being subject to heavy freshets, and there not being many low 
grounds subject to overflow. 

The XiMs Manufacturing Company's cotton-mill, also on Dutch- 
mans creek, contains 3000 spindles, operated by waterpower, supple- 
mented by steam-power for two or three months of the year. The dam 
is 8 feet high and 110 feet long, the fall of water 10 feet, and the 
power said to be developed 80 to 100 horsepower for nine months. 

The Mariposa cottox-mill, containing 1664 spindles, is located on 
Leipers creek, known as Dutchmans creek in the lower part of its course, 
about 12 miles above its junction with the Catawba river. 

The dam is of wood, 10 feet high and 100 feet long, and backs the 
water about one-fourth of a mile with an average width of 60 feet. 
There is no race, the fall at the wheel is 14 feet, and about 60 horse- 
power is developed by a 40-inch Leffel turbine. It is stated that about 
100 horsepower is required to operate the machinery, and the deficiency, 
amounting to about one-half the required power, is supplied by an 
auxiliary steam-plant of 75 horsepower capacity. 

Above this factory there are only small saw- and grist-mills, the latter 
generally with two pair of stones. There are some sites not occupied 
where there have formerlv been mills. The dams are all of wood, 
founded on rock and sometimes bolted down. The stream averages 100 
ft'ct in width for some distance from its mouth. On one of the tribu- 
taries a small amount of power was formerly used for an iron-furnace. 



TES OATAWBA. BIVES AITD TBIBDTASIBB. 






ion 'Jsnod-auou 



||=|=g=g=3 ; 



^p ■aotaot A<vi 



IIIBs|§Ea§ I e 



Jtoi mnmiDiH ' 



g§sr-siiss a s 









a ssssjiaasssjs s a 



■■"■•■"'"■■ 1 1 stc-ih=ili I s 



ilSilllil I I 
il3||lii|1 I 1 



THE MINOB TBIBUTABT STBEAMS. 219 

CROWDERS CREEK. 

The CBj0wi>BB8 ^Iountain mill is located on Crowders creek about 
four miles from Kings Mountain station on the Southern railroad. The 
mill contains 2500 spindles and 63 looms, operated by water and steam- 
power combined, about 75 horsepower being developed by the water- 
power plant. The race is a steel pipe 125 feet long and 2 feet in 
diameter, giving a fall of 50 feet at the mill and developing 75 horse- 
power by means of a I7i-inch Leffel turbine. 

It is stated that about 100 horsepower is necessary to run the ma- 
chinery, and there is an auxiliary steam-plant of 125 horsepower capacity. 

THE MINOB TBIBUTABY STBEAMS. 

There are no important tributaries to the Catawba in Mecklenburg, 
Catawba and Iredell counties, the small streams which join the river 
being only capable of running small grist-mills with one or two run of 
stones, for which purpose they are in some cases used. The tributaries 
from the north are more important. The three Little rivers — ^Upper, 
Middle and Lower — have considerable fall, but are very small streams, 
draining respectively 31, 33 and 53 square miles. 

On Lower Little river there are several grist-mills and one small 
cotton-factory three miles south of Taylorsville — ^the Taylobsvtllb 
coTTON-MiLL, With 700 spiudlcs and 24 looms, operated by thirty horse- 
power, available all the year round. The dam is nine feet high and 200 
feet long and the fall 13 feet. There is also a saw-mill operated by this 
power along with the cotton-mill. Both above and below this cotton- 
factory are a number of small powers on which are located grist- and 
saw-mills. On both Middle and Upper Little rivers are a number of 
grist- and saw-mills and undeveloped sites suitable for the same. These 
streams can probably hardly be depended on for one horsepower per 
foot-fall in dry seasons at their mouths. 

The tributaries of the Catawba in Caldwell and Burke counties are 
larger and of more importance. Ounpowder creek, from the north, 
drains an area of about 31 square miles, and is about like the Little river 
in general character. Near Granite falls on this creek is located the 
Gbanite Falls Manufactubino Company's cotton-mill, containing 
3352 spindles and 4 sets of cards operated by waterpower only. The 
dam is 14 feet high, 120 long and the fall is 48 feet. Lower creeky from 
the same side, drains 117 square miles, but is said to have little power. 
Johns river, also from the north, drains 120 square miles, but is not 
used except for one or more saw-mills, although it has considerable fall. 
Upper creek (north side) drains 45 square miles, and has a cascade about 
IS miles from Morganton, but of little value for power. 
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LINVILLE RIVER. 

This river rises on the west slopes of the Grandfather mountain, in 
Alitchell county, and flows in a general southerly course near the west 
border of Burke county until near the southern end of Linville moun- 
tains, where it bends southeastward and joins the Catawba river. It 
has a drainage area of 90 square miles, nearly all of which is foreet- 
covered and much of its upper part with gentle slopes and occaaionfll 
swampy areas. The rainfall of the Linville area is given by the United 
States Weather Bureau as 46 inches for the year, distributed as follo^^: 
spring, 11.50; summer, 13.50; autumn, 9.50; winter, 11.50. The drain- 
age area of the river and tributaries above the falls is 50 square mileSi 
while that of the entire river above its mouth is 90 square miles. Plate 
X, shows the general appearance of Linville falls (fig. b) and of the 
rapids just above the falls (fig. a). 

At the falls, which are located about 3 miles below the Mitchell- 
Burke county-line crossing and about 22 miles above the mouth of the 
river, there is one perpendicular plunge of 40 feet, and the cascades 
just above give an additional fall of 50 feet more in a horizontal 
distance of less than 100 feet, thus giving an available natural fall of 
90 feet. The power at this place, owned by the Linville Improvement 
Company of Morganton, is entirely undeveloped. 

There are also several lesser undeveloped powers on the stream within 
a few miles above the falls, owned by the Linville Improvement Com- 
pany; one on the Linville river at the mouth of Grandmother creek, IJ 
miles southwest of the town of Linville, Mitchell county, where there 
is a fall of 20 feet, and the other on the Grandmother creek near its 
mouth with a fall of 40 feet. The fall at both of these can be consid- 
erably increased by the construction of inexpensive dams. For a dis- 
tance of 10 miles in a general southerly course below the falls the river 
runs as a series of cascades through a narrow gorge from 500 to nearly 
2000 feet deep, the walls being cut down through the bedded linville 
quartzites above and granite below. At a point about 8 miles above it« 
mouth the river emerges from this gorge and runs ^v\th a less rapid but 
by no means sluggish current across the open but hilly border of the 
plateau to its junction with the Catawba. In the first six miles below 
tho *' falls " the descent averages 208 feet^ to the mile; and from just 
above the " falls '' to the lower end of the gorge, in a distance of 10 
miles, there is a fall of about 1800 feet. Along the upper 6 or 7 miles 
of this distance the bottom of the gorge is scarcely wider than the 
stn/ain, and tIk* lariio boulders of quartzite and granite rock at the foot 

* A«» determined by a lino of levels run by W. E. Walton, C. E., of MorffantOD. 
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of the bluflFs and in the bed of the stream render travelling, even on 
foot, exceedingly diflScult. And the location of factories of any kind 
in this part of the gorge would be entirely impracticable. 

One way in which this power might be developed is that of conveying 
the water of the river from just above the " falls " down the gorge 
in iron pipes to the lower end of the gorge or to a point 2 miles above, 
where a power-house could be located and the power conveyed to Mor- 
gan ton (about 15 miles) or some still nearer point on the Southern rail- 
road (about 7 miles). A large power can be developed in this way, but 
sufficient gaugings have not yet been made to serve as a basis for esti- 
mating accurately its amount. 

On the lower part of the river are several good powers. The lowest 
is one mile above the mouth of the river, where Major J. W. Wilson 
has a saw- and grist-mill with a fall of 9 feet; the next, 3 miles above 
this (following the stream), is Dickson's grist-mill with a fall of 9 feet; 
and 4 miles above this latter is an undeveloped power with a natural 
fall of 8 feet 

For tabular statement of utilized power on the Catawba river and 
tributaries see page 222. 
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CHAPTER X. 

THE BROAD EIYER AND TEIBUTAEIES/ 

THE BBOAD BIVI^ 

Broad river takes its rise on tlie eastern slope of the Blue Ridge near 
Hickory-nut gap, in the southwestern part of McDowell county and the 
northeastern part of Henderson county, and after flowing in a general 
southeasterly direction through Rutherford county and a comer of 
Cleveland county, North Carolina, and in South Carolina between the 
counties of York, Chester, Fairfield, and Richland on its left, and Spar- 
tanburgh. Union, Newberry and Lexington on its right, it unites with 
the Saluda river just above Columbia to form the Congaree. The 
length from source to mouth, measured in a straight line, is about 128 
miles, but following the course of the river it is very considerably greater. 
There are no towns of any importance on the river. 

The Broad river drains a total area of about 4950 square miles, of 
which 3550 are in South Carolina and 1400 in North Carolina, The 
important tributaries in North Carolina are as follows: Green river, 
druning an area of 198 square miles. First Broad river, draining 302 
squares miles, and Second Broad river, draining 193 square miles. 

The general character of the drainage basin resembles that of the 
Catawba. It lies entirely above the fall line; is well wooded, especially 
in the upper parts; is without lakes; affords fine building stone in numer- 
ous localities; and as regards soil, etc., is similar to the valley of the 
Catawba, the soil being generally loose and porous. The rainfall for the 
general basin of the Broad river may be given as follows: spring, 13; 
summer, 13; autumn, 10; winter, 15; total 51 inches. But the rainfall 
in the r^on about the headwaters of the river is probably much greater 
than this. The bed of the stream is rock, clay, sand, or gravel, and in 
many places the banks are low and the bottoms overflowed in freshets. 
The declivity of the stream is less than that of the Catawba, but still 
very large. 

Daily readings of water height and occasional measurements of dis- 
charge have been made on this river since 1896, and these measurements 
and the computations from them will be found on pp. 319-322. 

' By (Jeo. F. Swain and J. A. Holmes. 
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The waterpowere on the Broad river may be deacribed briefly as 
follows, startiug at the South Carolina state line and proceeding up the 
stream : 

HopPEE AKD Blantok suoalb. — One-fourth of a mile above the 
uioutli of the Firet Broad river is the beginning of a horseshoe bend, 
convex eastward, which is two miles around, while the distance across 
the neck is about five hundred yards. This neck is low, rising about 
fifty feet above the river at the highest point. The fall has been 
roughly measured across this neck and is said to be between 25 and 30 
feet. On the lower side of this neck there is a short shoal in the river 
known as the Hopper shoal; on its upper side there is a similar one 
known as Blanton shoal. There has been some talk of developing a 




—PLAN OF PROPOSED DEVELOPMENT AT DURHAM SHOAL MAIN BROAD RIVER.' 



power here by cutting a cannl and funnel across the neck of this bend 
and turning the river through this canal by constructing a dam across 
it ,1'ist above Blanton shoal. 

Palmer shoai.. — This power is located just above Cleveland and 
Jollys fciTv, one mile above tlio mouth of the first Broad river and 
about T miles below (he inouth of Second Broad river. There is here 
a natural fall of about 18 feet in a distance of half a mile. The rock 
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cliff is almost continuous on the north side^ but the south bank is lower 
and nearly level. 

A grist-, saw-mill and cotton-gin were once operated here by throw- 
ing up a loose rock wing-dam about 4i feet high and 600 feet long, 
extending out about two-thirds the width of the river and turning the 
current to the south side. There was a fall of 7 feet at the wheel. 

DuEHAM SHOAL is locatcd one mile above Palmers shoal, 6 miles 
below the mouth of Second Broad river, and 6 or 7 miles from the 
nearest points on the Seaboard Air Line and Ohio River and Charleston 
railroads. The shoal is formed by a ledge of granite about 100 yards 
wide extending directly across the river, which would form an excel- 
lent foimdation for a dam. The natural fall here is 7 feet, with favor- 
able conditions for the erection of a dam that will increase the fall to 
12 feet. The north (left) bank affords good building sites just below 
the shoal. Arrangements for the development of this excellent power 
are now being made by J. Y. Hamrick and others (see fig. 15, p. 224, 
for proposed development). 

The next shoal on the river is an unimproved site located below Island 
ford and not far above the mouth of the Second Broad. There is said 
to be a small shoal about one mile below the same ford. In the ab- 
sence of definite information concerning these two shoals they can only 
be mentioned here. 

One and one-half mUes below Poor's ford, and two and one-half to 
three miles above Big Island ford, there is a shoal said to have a natural 
fall of three feet and good rock beds and banks, upon which a dam 
could be safely and easily constnicted. 

At Bio Island ford shoal the larger part of the water flows on the 
south side of the river, and between the south bank and the island, in 
a distance of about one-fourth of a mile, there is said to be a fall of 
8 feet; but this estimate is probably too high. 

Above Island ford there are a number of small shoals on Broad river 
and its upper tributaries in Rutherford county, some of which could be 
developed into valuable powers, and a few of which are already utilized 
for grist- and saw-mills. The shoals on Green river will he described 
briefly below (p. 229). 

TRIBUTARIES OF BBOAD RIVER. 
FIRST BROAD RIVER. 

This tributary stream rises in the extreme northern part of Cleveland 
and Rutherford counties and flows south through the former, passing 
within three miles of Shelby, joining the main Broad river a mile below 
Palmers shoal. It drains an area of 302 square miles, and its fall from 
the crossing of the railroad from Shelby to Rutherfordton to the mouth 

15 
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of the stream is about 105 feet, or at the rate of 8 feet or more per mile. 
The width of the stream at its mouth is about 90 feet. 

The powers on the river in their order ascending are as foUows: 

The Buck ^IoSwain shoal is located about one mile above the 
mouth of the river. It has a natural fall of about three feet in 150 
yards. The bottom is of solid rock with a sandy bank on the east side 
and a clay hillside on the west. 

Stices shoal, located, following the course of the stream, about four 
miles above its mouth, two and one-half miles from Pattersons, on the 
Ohio river and Charleston railroad, and about five miles southwest of 
Shelby, on the. Seaboard Air Line railroad. The shoal has a natural 
fall of 6 feet in a distance of 80 feet over a smooth rock bed, and below 
this there is said to be about the same amount of fall in a distance of 
200 yards. By the construction of a dam across this upper part of the 
shoal this fall could be still further increased. This excellent power 
belongs to Dr. R. H. Morrison of Shelby. It was used during the Civil 
War to operate iron-works, and had been utilized for half a century 
before that time for gristr and saw-mills, but it is now unoccupied. 

At Chambers' obist-mill there is a fall of 9 feet, though it is said 
that a fall of 15 feet is available. The stream is almost as large here 
as at its mouth, and will probably aflFord 7 to 8 horsepower per foot 
fall in the low season of dry years, 9 or 10 in the low season of ordinary 
years, and 20 to 25 for nine months. 

The Lauraglen cotton-mill occupies the next site on the river above 
Chambers, situated three miles southwest of Shelby. This factory con- 
tains 3500 spindles and is operated entirely by waterpower. The dam 
here is 14 feet high and 200 feet long, and the fall of water at the mill 
is 15 feet. 

Double shoals, the next important power on the river, is the site 
of the cotton-factory known as the Double Shoals mill, about eight 
miles north of Shelby and four nules east of the Cleveland mills. It 
contains 2000 spindles, run by waterpower alone. The dam is 9 feet 
high, and the water falls 15 feet at the mill. 

Cleveland cotton-mill No. 2 is also located on this stream ten miles 
north of Shelby and three miles north of the Double shoals. This mill 
contains 4224 spindles, run by waterpower exclusively. The dam is 
12 feet high and 270 feet long, and the fall of water at the factory 
is 13 feet. 

There are other small shoals on this stream both above and below the 
Cleveland mill, some of which are utilized for grist- and saw-mills, and 
some of them undeveloped, but the information concerning them is too 
incomplete to permit of their being described in this report. 

On Knob creek, a small tributary stream which joins the First 
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Broad at Gardners ford, is situated the Cleveland mill No. 1, twelve 
miles north of Shelby. This factory contains 884 spindles, run by 
waterpower alone. The dam is 15 feet high and 90 feet long, and the 
fall is 15 feet at the factory. 

SECOND BROAD RIVER. 

This river, the next tributary worth mentioning, rises in McDowell 
county and flows through Rutherford county, draining an area of 193 
square miles. It is a small stream, only thurty feet wide at its mouth, 
but there are several good powers on it. 

Tumbling shoal, three miles from the mouth of the river, not now 
used, is the first, and a fall of 11 feet with good building sites can be 
obtained here in a distance of 200 yards. The stream would probably 
give from 4^ to 5 horsepower per foot of fall in the low seasons of 
dry years. 

High shoals, on which is located Heneietta <x)TroN-MiLL No. 1, is 
four miles above the mouth of the river and one mile above Tumbling 
shoal. A branch road connects the place with the Seaboard Air Line 
railroad. The original shoal had a fall of 23.4 feet, over a narrow 
and rough rocky bed, in a distance of about 800 feet. The dam is of 
stone curving slightly up the stream, 200 feet long and 17.8 feet high, 
with an 18-foot base and 5-foot coping. It is pierced by 3 waste ways 
having an area of 12 square feet each, for use in drawing down the 
pond. The race is 300 feet long, 35 feet wide and 10 feet deep, giving 
a fall of water at the wheel of 32 feet, the power being generated by 
two pairs of twin turbines mounted on horizontal shafts and located 16 
feet and 3 inches above the surface of the water in the tail-race. The 
mill contains 25,000 spindles and 1000 looms (see fig. 16, p. 228, for the 
plan of development of this mill). 

The HEimiBTTA mill No. 2 occupies the next two shoals about two 
miles above High shoal, formerly known as Harrell's and the old 
" Burnt factory " shoals, the two having a total natural fall of 18 feet. 
The dam is placed on the lower shoal and backs water over the upper, 
giving a fall of 29 feet at the wheel. This mill contains 35,000 spin- 
dles and 1000 looms. A branch of the Seaboard Air Line railroad is 
now in operation to these mills. 

Settlemeyers shoal is situated on Sandy Run creek about one mile 
above its confluence with the main Broad river and about six miles 
from Mooresboro on the Ohio River and Charleston and Seaboard Air 
Line railroads. The shoal is utilized to operate a grist- and saw-mill 
and a cotton-gin, usin^ about 80 horsepower under a head of ten feet, 
which can be increased to 25 feet. 
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On other smaller or lees important streams tributary to Broad river 
in this r^on are numerous small powers, some of which are utilized 
in running grist- and saw-milla, while many of them are as yet unde- 
veloped. 

On Buffalo creek, near where it is crossed by the Seaboard Air Line 
railroad, is a small cotton-mill containing 3000 spindles, operated by 
the Buffalo Manufacturing Company, run entirely by waterpower. The 
dam here is 90 feet long and 25 feet high, giving a fall of 30 feet at the 




wheel. Below this and just above the mouth of Muddy Fork creek, at 
the site of the old Roberts forge, there is said to he a good power. About 
two miles above tbe cotton-niilJ is Beams grist-mill, and three or four, 
miles above this tatter is Bakers grist-mill. 

Oh Muddy fork, a tributary to Bnifalo crock, there is said to be, 
about oue milo above its mouth, an excellent small unimproved shoal, 
with a fall of 20 feet in 200 yards, wliii'li is said to be capable of yield- 
ing 40 horsepower in dry weather. 
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QuiNN & Habbell's mills. — ^Wheat, com and saw, 2 turbine-wheels, 
32 inches and 28^ inches, and a Willis wheel for the saw-mill. 8 feet 
fall at the wheel, practically all given by the dam which is 8 feet high. 
Water flows off rapidly below and about one-fourth of the water used 
when all the machinery is running. This site is two miles over good 
road from the Ohio Kiver and Charleston railroad. 

All these streams have, as a rule, rock beds and good banks, which 
are not often overflowed. They are subject to heavy but short freshets. 
The typical soil in all this region is a loam which becomes more clayey 
in some regions and sandy in others. 

QRKEN RIVER. 

This, the last important tributary of the Broad, rises in the moun- 
tains of Henderson coimty and flows a little north of east into Polk 
coimty where it joins the Broad. The upper part of its course lies in a 
narrow valley not over four miles wide for over twenty miles from the 
head of the stream, but below that the basin is much wider. The length 
of the stream in a straight line is about 36 miles and its drainage area 
about 188 square miles. It has a rapid fall and considerable power is 
available, though very little is used. The bed is rock, and the banks in 
some places are nearly vertical rock walls, while at others the river winds 
through fertile bottoms, subject at times though not extensively, to 
overflow, these bottoms being specially frequent in the lower part of its 
course. The stream is very inaccessible, being crossed by only one 
railroad — the Spartanburg and Asheville branch of the Southern rail- 
road — about 16 miles from its head. The stream is about 100 feet 
wide where this road crosses it and about 90 feet wide at its mouth. 

We obtained information regarding three shoals on the stream, but 
on account of the rapid fall there are doubtless other places where power 
could be obtained by damming. The lowest point is at Green river 
cove, where there is said to be considerable fall, not utilized, extending 
over some distance. This site is at a considerable distance from the 
railroad and not easilv accessible. 

Pot snoAL, which is just below the railroad crossing, is much more 
favorable, and is said to be the best site on the river. The falls com- 
mence just below the bridge and continue for some distance, the fall 
being very rapid, with now and then an abrupt fall of several feet. The 
bed is solid rock and the banks generally high, but near the foot of the 
ehoal there is said to be a verv <rood building site. The shoal takes its 
name from a number of curiously worn-out holes (" pot-holes ") in the 
rock forming the bed of the stream, almost circular, and looking very 
much like large anger lu>les. 

About two miles above the railroad and, therefore, not so favorablv 
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located as Pot shoal, are the " falls " of the Gbebn bives, the third site 
above referred to and the only one visited in person. The fall is about 
80 feet in 100, preceded by rapids for three^ighths of a mile, making 
a total fall of 45 feet The banks are rocky and very steep, so that 
building facilities are not good. The drainage area above this place is 
67 square miles and the available power would perhaps be one horse- 
power per foot in the low season of dry years and 3^ to 4 horsepower 
per foot for nine months of an ordinary year. The building facilities 
at Pot shoal are said to be much better than at these " falls," and the 
fall is also said to be greater. 

The First and Second Broad rivers are crossed by the Carolina Central 
and the Ohio river and Charleston railroads, and the Green river is 
crossed by the Asheville and Spartanburg division of the Southenu 
Still, some of the best waterpowers in this region are so far from rail- 
road transportation that it will be cheaper in their development to trans- 
mit by electricity the power for factories located on railway lines. 

Table op Utilized Power on Rroad River and Tribittarie8. 
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WATERPOWER IN NORTH CAROLINA WEST OF THE 

BLUE RIDGE. 

By E. W. Myers and J. V. Lewis. 



INTEODUCTION. 

No thorough examination of the streams and waterpowers of the 
mountain counties in Xorth Carolina has yet been made. It is ex- 
pected, however, that this will be undertaken by the State Geological 
Survey during the next two years. The data upon which the present 
paper is based were collected by the writers during a reconnoissance trip 
through the mountain counties in the summer of 1895. They visited 
all of the larger streams and many of their tributaries, and made numer- 
ous inquiries concerning the more inaccessible localities which were 
not examined by them in person. The estimates as to the fall in the 
various streams were based on measurements made with a Locke hand- 
level for short distances and an aneroid barometer for greater distances. 
All the gaugings of the streams north of Asheville were made by the 
use of a series of surface floats, § or f of the surface velocity being 
taken as the mean velocity of the current, according to the stage of the 
water, whether high or low. 

Of course it is not claimed that examinations of waterpowers made in 
this way are sufficiently accurate to serve as a basis for the investment 
of capital and development work. It was simply the best that could 
be done at the time, and the results obtained serve to indicate only 
where further investigations are needed, and where waterpower devel- 
opments in future would probably prove successful. A series of more 
elaborate, and accurate observations is already under way, and during 
the past three years on the French Broad at Asheville, the TucJtaseegee 
at Brvson Citv, the Little Tennessee at Judson (a few miles above its 
junction with the Tuckaseegeo) and on the Hiwassee at Murphy, daily 
measurements have been made and recorded showing height of water 
in these streams at these stations, and occasional gaugings have been 
made to determine the velocity and volume of water in the streams at 
high, low and intermediate stages of water. 
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It is expected that this work will be continued for a number of yeaiB^ 
and that additional gaugings will also be made at intervals on the 
streams to the north of Ashe^dlle in order that we may be able to deter- 
mine with greater accuracy the volume of flow and ihe horsepower per 
foot fall at different points on these streams. It is also expected that 
during the next two years lines of levels will be nm up all the larger 
of these streams in order that the fall at different points may be deter- 
mined more accurately, and in this connection special examination will 
be made of the various shoals in these rivers, not only as to the fall of 
water within a given distance, but also as to the conditions, favorable 
or unfavorable, for the construction of dams and canals or races. Addi- 
tional rainfall stations are also being established at different places in 
this mountain region in order that we may determine more accurately 
the amount of rainfall in each of the severtil river basins, but all of this 
work requires time, and its value increases almost in proportion to the 
number of years during which the records of river gaugings and rain- 
fall extend. 

Meanwhile, this preliminary statement is published in hope that 
information given may be of service in aiding intelligent development 
of additional powers and manufacturing enterprises in this region. A 
brief description of the geologic conditions influencing waterpower 
development in this mountain region is to be found on pages 86 to 88. 
One point of special interest mentioned there is that in these mountain 
streams the number of falls, and even the number of shoals occurring 
along the larger streams, is much smaller than might be expected under 
the circumstances. Instead of these, we have simply in large portions 
of these streams very rapid currents or a succession of rapids. The 
explanation of this condition of things is to be found in the fact that 
these streams have occupied their present channels for such long periods 
of time; and the great rapidity of their flow has enabled them to carry 
suspended in the water large quantities of sand and gravel and bowlders, 
and these have worn away the projecting masses of harder rock, keeping 
these more nearly on a level with the adjacent softer beds. This con- 
dition has been further facilitated by the comparative absence of such 
radical differences in the character of the beds of rock crossed by these 
streams as are described in the pages 80 to 88 referred to above. Hence, 
while these streams descend rapidly towards the lowlands, their descent 
has become in the course of time more or less uniform for considerable 
diptanees. 

In the following pasres the effort is made to indicate those points on 
the streams there considered where waterpower development has been 
made or i< ccnisidend practicable, and the word " shoal " there used 
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refers to this condition. The height given for the various shoals is in most 
cases that determined by hand-level from comparatively smooth water 
below the shoal to comparatively smooth water above, and, as a rule, 
takes no account of the fall in the smooth water above and below, 
although this may be large. 

As the fall per mile on all these streams is so great, it was hard to 
decide definitely as to what constituted a shoal of sufficient importance 
to be noted here, so onlv those localities are mentioned where the fall 
in the stream is noticeably concentrated, even though the amount of 
fall thus concentrated may be small. Shoals of only a few inches fall 
usually indicate that a ledge of rock crosses the river at that point and 
the water flows over this in a miniature cascade. Such localities are 
noted more with reference to the possibilities for building dams and 
races than for the fall. 

In the development of waterpower in this mountain region where, for 
the most part, the streams run as rapid currents through deep rocky 
channels, two general plans suggest themselves. One is the building of 
high stone dams — 20, 50, or even 100 feet high — across these narrow, 
rocky gorges, the construction of wheel-pits at or near the dams, and 
the construction of power-houses immediately above the wheels (see 
Plate XV, p. 348). In this case, where there would either be no race 
at all or a short one, the fall of water would be practically the same 
as the height of the dam, the steep descent of the river channel below 
the dam securing the rapid removal of the water from beneath the 
wheel. The other plan which suggests itself is the construction of lower 
dams and the conveying of the water either through open canals or closed 
pipes for some distance along the banks of the stream until some point 
is reached where a sufficient fall can be obtained and the power-house 
constructed. As the conditions will vary at different points, so it may 
be found that one or the other of these plans, more or less modified, will 
be better adapted to the development work contemplated. Whether the 
dam constructed be a low or high one, the pond produced at most places 
will be comparatively small, and will be sooner or later filled with sedi- 
ment brought down by the rapid streams above unless this is guarded 
against in the construction of the dam. 

The majority of locations in this mountain region where waterpower 
developments are practicable are not within easy reach of transportation 
facilities over either railroads or good wagon-roads, and in many cases 
the gorges are so narrow and the country so rough that the conditions 
are not favorable to the establishment of adjacent manufacturing plants. 
Hence, in the development and utilization of these watei*powers, it would 
seem not only advisable, but necessary, that the power should be trans- 
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mitted electrically from the places of development to points on the rail- 
roads where locations for the establishment of manufacturing plants and 
transportation facilities are both within easy reach. Fortunately, in 
this connection, the electric transmission of power is no longer a matter 
of experiment, but is now accepted as one of the most satisfactory 
and economic methods of both transmitting and distributing power, and 
this method of transmitting power is entirely practicable in the roughest 
and most rugged sections of country. A discussion of the advantages 
and methods of transmitting and distributing power in this way will 
be found on pages 337 to 350. 



CHAPTER XI. 
THE NEW, WATAUGA AND TOE EIVERS/ 

NEW BIVEB AND TBIBXTTABIES. 

New river rises on the northwest slope of the Blue Bidge in the 
southern part of Watauga county near Blowing Eock. Thence it flows 
in a general north-northeasterly course across the counties of Watauga 
and Ashe into Virginia. Over the larger part of its course in these 
two counties it is known as the South fork of New river, which 
will be described more fully further on. Just before reaching the Vir- 
ginia line it is joined by the " North fork/' which rises on the east 
slope of the Iron mountains along the southwest border of Ashe county. 
After crossing the line into Virginia the river follows an easterly course 
near the North Carolina line for a distance of about 12 miles, when it 
changes to a southeasterly course and crosses the North Carolina line 
and runs for a distance of 4 or 5 miles in Alleghany county. It then 
again crosses the state line into Virginia and flows in a general northerly 
course into the Kanawha and the Ohio. 

In its course across Watauga and Ashe coimties it is everywhere a 
rapid mountain stream, running for the greater part of this distance 
through narrow, rather deep gorges, with in many places a rocky bottom 
and rocky slopes, furnishing at numerous points conditions favorable 
for the construction of dams. The total drainage area of the North and 
South forks of New river above their junction in 631 square miles. 
Of this area, in 1880, 92,000 acres were reported as being in cultivation, 
57,000 acres in grass and 240,000 acres, or 61 per cent, of the whole, 
were still forest-covered. The total rainfall of the basin as indicated by 
the records of a single station — that at Blowing Rock — ^which extends 
over a period of three years, is 49 inches for the year, distributed as fol- 
lows: for the spring, 11.3; summer, 16.2; autumn, 9.7; winter, 11.8 
inches. A considerable portion of the cleared land is in grass and ia 
used for the pasturage of cattle. It is a fine country agriculturally, the 
soil being quite deep and for the most part a fertile, sandy and gravelly 
loam, and the lower part of the basin in Ashe county is rich in mineral 
deposits, including a number of large beds of high-grade magnetic iron 

» Ily E. W. Myers ami J. V. Lewis. 
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ore and several fine copper properties. There are numerous tributaiy 
streams, on practically all of whicli, owing to the rapid descent of their 
basins, small waterpowers could be easily developed. Owing to the 
steepness of the mountain slopes, all of these streams are at times subject 
to freshets, and after hard freezes in the winter occasionally ice dams of 
considerable magnitude are formed, so that the stone dams constructed 
in connection with waterpower developments need to be built stronglj 
and with considerable care in order to secure their permanency against 
the freshets and these ice dams. 

WATEBPOWEE ON NEW EIVEE. 

Nearly all of the shoals which are capable of being developed into 
waterpowers are to be f oimd on the North and South forks of the river, 
and will be described under these headings further on. The lowest 
shoal on the main river in North Carolina which deserves mention here 
is that in the northern part of Ashe county where the river makes its 
bend into North Carolina. Here for a distance of about 4 miles the 
river is almost a continuous series of rapids, and is reported to contaia 
a number of shoals which might be utilized, especially about Horse 
ford. In the lower portion of this section there is a natural fall of 
about 7 feet in a half mile, and the width of the river at the head of 
this shoal is about 350 or 400 feet with steep sloping bluffs on either side. 

From where New river first crosses the North Carolina- Virginia line 
up to the junction of the North and South forks, a distance of about 
4 miles, no shoal of importance was reported except the Blevins shoal, 
which is to be found just below the junction of the two forks. This 
shoal was not visited and no definite information concerning it could be 
obtained except that it is " a good shoal." 

As will be seen on the map (Plate I, frontispiece) after crossing into 
Virginia near the northeast corner of Ashe county. New river again 
enters North Carolina, and remains in the northern central part of Alle- 
ghany county for a distance of 3 or 4 miles before turning northeast- 
ward again into Virginia. 

TRini'TAKIES OF XEW RIVEK. 

The three tributaries on New river which deserve description in the 
present connection are the Little river and the North and South forks 
of New river. 

LITTLE RIVER. 

Little river rises on the north slope of the Blue Ridge in the southern 
p«art of Alleghany county and flows across this county in a northeasterly 
course until it reaches the Virginia line, and then it turns north-north- 
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west and joins New river at a point three or four miles north of the state 
line. The stream is rapid throughout its entire course and at intervals 
its narrow gorge, with rocky bottom and sides, would be favorable for 
power development if the water supply were sufficient. 

No information was obtainable concerning any important shoal or 
available mill site on this stream below the mouth of Brush creek; but 
we were informed that there is a fine fall all the way from this point 
to the Virginia line. Just below the mouth of Brush creek there is 
reported to be a good shoal, but no definite data in regard to the fall 
of water there and availability for power development were obtainable. 
There is also said to be a good power site, with a small natural fall 
between this point and the Fendeb miix above. This mill is one mil^ 
south of Edwards Cross-roads, and is situated on the north bank of the 
river. The shoal is formed by the water flowing over a ledge of granite 
which gives an almost perpendicular natural fall of about 5.5 feet. 
On top of this ledge there is a log dam three feet high. The mill is a 
combination com-, wheat-, saw- and shingle-mill run with about half 
of the water available. 

Just above and below the mouth of Bledsoes creek there are said to 
be one or more old mill sites capable of being developed into a good 
power. Above this, and two and a half miles southeast of Sparta, is a 
good power developed by a fourteen-foot wood dam, which now runs a 
saw-, flour-, grist- and carding-mill. Three miles above this, and one 
mile below Wliitehead, is Joynes & Bichardson's flouring-mill, the 
power to operate which is developed with a small natural fall and a ten- 
foot wood dam. One-half mile above this latter place there is said to 
be another good shoal. At Whitehead a saw-, flour- and grist-mill are 
operated by a fourteen-foot overshot wheel. 

On Brush creek, one of the largest tributaries of Little river, there 
are said to be several important shoals, one on this creek just above its 
mouth and another several miles further up the stream near the mouth 
of Laurel creek. 

NORTH FORK OF NEW RIVEJ^. 

North fork of New river, which rises near the Ashe-Watauga county 
line on the northern and eastern slope of the ton mountains, flows as a 
rapid stream across Ashe county in a southeasterly course, joining the 
South fork a few miles before New river reaches tiie Virginia line. It 
has a total drainage area of 298 square miles, the upper portion of which 
is entirely forest-covered. On the northwest side it has three prom- 
inent tributaries, on each of which small waterpower developments are 
possible — Helton creek, with a drainage area of 47 square miles; Horse 
creek, with a drainage area of 58 square miles; with Laurel fork or Big 
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Laurel creek with a drainage area of 32 square miles. Its principal 
shoals, which are promising for small waterpower developments, are the 
following: 

About two miles and a half above the junction of the two forks of 
Xew river and a mile above Weaversford is Drxoi^s mili. (com and 
wheat), with an eight-foot wood dam and a nine-foot working head 
The dam is 212 feet long and rests on a rock foundation with solid rock 
abutment on the east bank. The rock rises into the hillside on the 
west bank at a distance of a few feet from the end of the present dam. 
The river is here quite rapid for 200 yards below the mill and the tail 
water flows off readily. A pit has been constructed for a turbine 
wheel, but the small power used when the region was visited is developed 
by Willis wheels. It is estimated that over 300 horsepower could be 
obtained here at all seasons with the proper development. The prop 
erty belongs to Mr. J. A. Dixon of Weaversford. 

Two miles above Dixon's mill and a mile below the mouth of Helton 
creek is a shoal known as the Falls, the property of the widow Plum- 
mer. The river at this point has a width of abput 150 feet, and the 
shoal consists of heavy rock ledges which continue up the hills on either 
side at an inclination of about 40° on the east and about 25*^ on the 
west. The natural fall is three feet in about 600 or 800 feet, and 
there is a fall of about four feet in a quarter of a mile above the shoaL 
A dam fifty feet high could be built from rock on the spot; but there 
is little level space for building. The highest recorded water-mark was 
reached in September, 1878, and is about 18 feet above the ordinary 
water level. 

About five miles above the " Falls," and just above the mouth of 
Silas creek, there is said to be a good available shoal with a satisfactory 
place for a dam, the bed and banks of the stream being of rock. This 
property is owned by P. Ballon and Calvin Brinegar. 

For several miles above this latter point the stream is very rapid, 
and there are <;oo(l mill sites at intervals of every two or three mile*; 
but there are no shoals of anueh im])ortanoe till we reach Sharps sho.\x, 
which is about four miles above the mouth of Buffalo creek and oppo- 
site the northeastern extremity of Three Top mountain. The natural 
fall of this shoal is about 7.5 or 8 feet in a distance of about 200 feet 
The river is about 70 feet wide at the head of the shoal, and there are 
good rock a])ntments on either side for a ten-foot dam. There is swift 
water below and plenty of good level ground for buildings. The rock 
is a hard, compact <rneiss of almost granitic structure, and a high ledge 
\\\) the hill to the north of the shoal will furnish great quantities of this 
mat(M'ial for foundations, dam, nnd other building purposes. Above 
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this point no shoals of any considerable importance were observed or 
heard of. 

SOUTH FORK OF NEW RIVER. 

This fork of New river has already been briefly described (p. 237) as 
the upper portion of New river. Its drainage area above where it joins 
the North fork is 333 square miles. Its principal shoals and water- 
powers are as follows: 

On the South fork, about three-quarters of a mile above the junc- 
tion of the two branches of New river, is the Wallace Fobqe shoal, 
which has a natural fall of about three and a half feet in one thousand. 
There is an excellent rock foundation for a dam and solid rock bluflFs 
in the hills on either side, rising at an angle of 40° to a height of 50 
feet or more. The width of the river where dam would probably be 
built is 250 feet, and the current for some distance below the shoal is 
very rapid, having about two feet fall in the next 200 yards. There 
is no level space for building, though buildings could be placed near 
the foot of the shoal on gently-sloping hillside. There was once an old 
forge here with a wooden dam, but this was washed away about twenty 
years ago. 

Doo Cbeek shoal. — For the next twenty miles above the Wallace 
Forge shoal the river is as compared with other mountain streams, shoal y, 
rather sluggish, and in this distance no shoal with a natural fall that is 
worthy of special note was observed until near the mouth of Dog creek, 
which is about five miles east of Jefferson. Here there is a natural fall 
of about six feet in 350 to 400 yards, a good foundation for a dam and 
-excellent grounds for buildings. The dam would necessarily be quite 
long, as there is a strip of bottom-land along the whole of the west side 
•of the shoal. 

About a mile above the mouth of Dog creek, and just above the 
mouth of Hoans creek, is the old Bowers mill site, which is regarded 
as a good shoal. 

The next shoal of importance, about a mile and a half above this, 
is the WiTHERSPOON FORD SHOAL, just bclow a ford of that name. This 
has a natural fall of about 5 feet with good rock foundations and abut- 
ments for dam and abundant level building space. 

About half a mile above Witherspoon ford, and a short distance above 
the mouth of Bear creek, is the Yates shoal, which is said to be a 
good site, but we did not see it and have no definite data concerning it. 
About two miles further up is the Brush creek shoal, of about the 
«ame character as the last-named, just above the mouth of Brush creek. 

Two miles above this last-mentioned is Turtle shoal, which has about 
5 or 6 feet fall in 100 vards, but there is a broad level bottom on the 
left bank which would greatly interfere with building a substantial dam. 

16 
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BoABiNO SHOAL is about two miles above the last-named and a mile 
and a half above the mouth of Obids creek. It has about the same 
fall as Turtle shoal, but there is no good building room. 

Elk shoal is a mile and a half still higher up the South fork, and has 
a natural fall of about 10 or 11 feet in a short distance. It affords a 
good solid foundation for dam and has good rock abutments on the 
sides, but there is no level ground for building. 

There are also said to be good shoals just below the mouth of Pine 
Swamp creek and about a mile above it, but of no considerable fall. 
About three-fourths of a mile below the mouth of Old Field creek there 
is a good short shoal having a natural fall of about four feet. This is 
an excellent dam site and there is plenty of available building room. 

Three miles above this last, and just below the mouth of Mill creek, 
is Rocky shoal, with a natural fall of 4 feet in about 250 feet. A solid 
rock ledge runs across the river and up the hills on both sides, giving an 
excellent dam foundation. There is plenty of good building room at 
the foot of the shoal. A shoal very similar to the last, and said to be 
as favorably situated, is about three miles further up the- river, just 
above the mouth of Grassy creek. 

At Elk Cross-roads (Todd P. O.), and just above the mouth of Elk 
creek, there is a good rock shoal with steep, rocky banks on either side, 
suitable for building a dam forty or iSf ty feet high if necessaiy. For a 
mile above this the stream is very rapid and probably gives a fall of 1& 
or 20 feet. The whole of this distance is shut in by a rocky, narrow 
gorge. The water is also quite swift below the shoal. 

For fifteen miles above this point there are no shoals or available 
mill sites. Half a mile below the mouth of Hardin creek and three 
miles east of Boone, a mill was being built at the time of our visit 
(1895). There is a small rapid with a good foimdation for dam and 
rock abutment on the north side of the stream, but there is a broad 
meadow on the other bank. A brush dam about 4 feet high has been 
built, and a race dug in the soil about 800 feet long, giving a fall of 
about 8 feet at the wheel. 

WATAUaA BIVEB. 

The Watauga river rises on the north slope of the Grandfather moun- 
tain and flows a distance of about 10 miles in a northeasterly course 
and then nms in a northwesterly course for a distance of something more 
than 20 miles before reaching the Tennessee line, where it flows through 
a deep gorge cut through the ridge of the Iron mountains. Its total 
drainage area above the Tenne^e^ line is 162 square iml^. Of this 
total a;p^a about 22,000 acres are (cultivated, and about lB,bDO acres are 
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in grass, and 70,000 acres, or 67 per cent of the whole, are still in 
forests. The soil is generally deep and open or porous, being usually 
a gravelly or sandy loam. The stream is everywhere a rapid one, and 
for a considerable portion of its course runs through a deep, narrow 
gorge with rocky bottom and rocky sides, furnishing at many points 
excellent facilities for the construction of dams. 

The fall of the stream is very great throughout its length, and the 
selection of shoals for utilization becomes largely a matter of conveni- 
ence. For several miles above the Tennessee line it flows in a deep 
gorge, and is practically a succession of rapids; along this portion of its 
course it is accessible in only a very few places. Between the Ten- 
nessee line and Shulls mill, a distance, following the course of the 
stream, of about 19 miles, the total fall in the river, as taken from the 
topographic map of the U. S. Geological Survey, is about 900 feet, and 
the average fall per mile is therefore about 47 feet. 

The more important shoals of which there is information at hand 
are the following: 

The first available shoal is about four miles above the state line, and 
above and below the mouth of Beech creek. Here is a fine site for dam 
and buildings; the fall could not be estimated, as the river is a series of 
rapids for long distances above and below the creek mouth, so that 
almost any desirable fall could be obtained. 

About five miles further up, at the Calvin Ward plaos, just below 
the mouth of Laurel creek, there is a good mill and dam site with small 
natural fall. 

One mile above this there is another good locality for a small mill. 
Rock ledges rise on either side for dam abutments, but there is very 
little concentrated natural fall, though the river is quite rapid. A small 
bottom affords plenty of level building room. 

About two miles further up the river, just below the mouth of Cove 
creek, is a shoal with nine feet natural fall in 500 to 600 feet, with 
good abutments for a dam, almost perpendicular on one side and quite 
steep on the other. A fairly good building site is at the lower end 
of the shoal. About three feet of the fall is utilized by a small saw- 
mill. 

Six miles above the last-mentioned place, and just above the first ford 
above Yalle Crucis, is a shoal with about 2 feet fall in 100 feet. 
Ledges of rock lie directly across the stream and extend up the hills 
on either side. A dam 14 or 15 feet high could easily be built, and 
there is plenty of room for buildings. 

For four miles above this point the river is almost a continuous series" 
of rapids and cascades in a deep gorge; and dams up to 60 or 70 feet 
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high could be built in many places. But there is only an occasional 
narrow strip of bottom to afford building space. 

A mile and a half above the mouth of Laurel creek there is a shoal 
with a fall of fifteen feet in about 150 feet. An excellent dam and 
building site with plenty of rock on the grounds for foundations and a 
dam. 

A single discharge measurement of the Watauga was made just below 
the mouth of Cove creek, showing a discharge of about 68 cubic feet 
per second, equivalent to 7.7 horsepower per foot of fall. 

The Watauga river receives as tributaries several large creeksy of 
which Cove creek (draining 41 square miles) and Beaverdam creek, 
entering from the north, and Elk creek (draining 47 square miles) from 
the south are the principal ones. On Cove and Beaverdam creeks the 
fall is very large, and though the quantity of water is small, there are 
numerous small powers on them, some of which are used to operate the 
small saw-mills and grist-mills which supply the local needs. 

The most noteworthy power on any of these tributary streams is Elk 
FALLS (Plate XI), located on Elk creek, just above the Mitchell- 
Watauga county-line. Here there is a sheer jump of from 26 to 2S 
feet, and from the top of this fall there is a fall of 85 feet in one mile, 
then for four miles the fall will average 100 feet per mile. Above Elk 
falls there are numerous small shoals and rapids as high up as Bannen 
Elk, giving small compact powers of from 20 to 40 feet fall. 

TOE BIVEB. AND TBXBTJTASIES. 

This river, which in Kortli Carolina has its tributaries mainly in the 
counties of Mitchell and Yancey, and flows thence into Tennessee, is 
in the latter state known as the Nolechucky; and in North Carolina this 
same designation is sometimes applied up to the junction of the North 
and South Toe rivers, about 5 miles east of Bumsville. It is more gen- 
erally called Toe river throughout its entire course in North Carolina. 
It rises in the extreme northeastern portion of ^litchell county between 
Cranberrj' and Grandfather moimtain, and flows thence for a distance 
of nearly 30 miles in a southerly course. It then flows westerly for t 
distance of some 15 miles to where it is joined by the South Toe river. 
Thence it flows north for a distance of 10 miles, where it is joined by 
Cane creek near Bakersvillc, and then runs in a deep, rocky channel 
west-northwesterly for a distance of some 20 miles to where it cute 
throujfrh the mountains and flows out into the valley of east Tennessee, 
joining successively the French Broad, Holston and Tennessee rivers. 
Its total drainage area above the Tonnosseo line is 640 square miles, of 
which about 67,000 aoros are in cultivation, 21,000 in grass, and 381,- 



TOE BIVBB Ain> TBIBUTASIES. 245 

000 acres, or 78 per cent, of the whole, still forest-covered. The total 
rainfall of this region is 51.2 inches for the year, divided as follows: 
spring, 11.4; snnimer, 15.7; autumn, 11.6; winter, 12.5 inches. The 
soil is deep, porous and fertile. The grasses grow vigorously on the 
cleared lands, and the cattle industry is quite an important one. The 
principal crops grown are com and small grains such as wheat, oats and 
rye. At Cranberry and at a number of other points along the Iron 
mountain range are valuable magnetic iron ore deposits, and in both 
Mitchell and Yancey counties there are numerous mica deposits which 
are considered the most valuable in the United States. A projected 
and partly built railroad follows the course of the river for some miles 
both above and below the Tennessee state line, and when completed 
this will render many of these latent waterpowers accessible. 

The more important tributaries are Caney river and North Toe on 
the south, Big Rock creek and Cane creek on the north. The stream 
is a rapid one throughout almost its entire course, and in many places 
it runs through a deep, rocky gorge, where the construction of dams 
for waterpower could be easily accomplished. There are occasional 
high freshets during which the water rises and goes down quite rapidly, 
and at rarer intervals in the early spring there is some little trouble 
from the breaking up of the ice, which, moving down the streams, forms 
temporary dams, but this is nothing like so serious as in the more 
northern states. 

WATERPOwBJft ON TOE BTVEB. 

The more important shoals on this river are as follows: 

One and one-half miles below the mouth of Caney river there are 
rock cliffs on either side of the gorge, here about 200 feet wide. The 
current is very swift, and there is a fall of 25 feet in about half a mile. 
There is a small building space about one-fourth of a mile below the 
best location for a dam. 

In all this lower portion of the river the water is quite swift, and 
there are several places where dams might be built, but there is very 
little space for building on the banks, and for much of the distance it 
would be difficult to construct races in the rocky slopes. 

Just above the ford, a mile above the mouth of Pigeon-roost creek, 
there is a good foundation for a dam and rock abutment on the north 
side, an island lying south of the main part of the stream about 15 
feet high, which is never overflowed. A 5-foot dam here would raise 
the water at this point about to the level of the water at the upper end 
of the island, and a 6-foot dam across the narrow channel south of the 
island (50-75 feet wide) would allow a dam 10 feet high on the shoal 
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in the main channel. A strip of bottom of about 15 acres aflFords ample 
space for buildings just below the shoal. 

A gauging of Toe river was made about one mile above the mouth 
of Pigeon-roost creek (one-half mile above Kelief post-office) when the 
water was about 6 inches above normal height. Tlus showed the flow 
at that time to be 785 cubic feet per second, which is equivalent to 
about 89 horsepower per foot fall. Average surface velocity, 1.76 feet 
per second. Taking two-thirds of this (1.16) as the normal velocity, 
and 505 square feet as the normal cross-section, the normal discharge ifi 
586 cubic feet per second, which gives 66.6 horsepower per foot fall. 

One and one-half miles above the mouth of Pigeon-roost creek there 
is a good shoal with a natural fall of 6 feet in 300, and a width of about 
175 feet. A rocky ledge crosses the river and extends up the blufe 
on both sides, that on the south side rising some 40 feet back from the 
bank of the stream, at an angle of 30*^, to a height of more than 
100 feet. The north side is steeper and about the same height. There 
18 a small level space on both banks about 200 yards below. There are 
no mills on the river above the Tennessee line except those named 
below, but there are several on the creeks. Th^r^ is a considerable fall 
in the river all the way from the mouth of South Toe to the Deaton 
Bend (just above the mouth of Cane creek). \Below Cane creek the 
river is very rapid, having 30 or 40 feet natural fall to the mile, with 
rock bottom all the way with steep, rocky sides to the gorge. There is 
practically no level building room except a narrow strip of bottom on 
the north side, half a mile below Cane creek. If a race were con- 
structed on the side of the gorge it would pass through solid rock all the 
way — mostly dark, fine-grained basic massive rock. 

Just below the mouth of Bear creek is John Bailey's grist-, saw- and 
mica-mill. This is a good site for a dam. 

Two miles above Bear creek there is a coniderable fall in the " Ka^ 
rows," just below where the road leaves the river. 

Just below the bridge near Spruce Pine there was a mill, now washed 
away. There is a small shoal here, but no rock ledges crossing the 
stream or outcropping on the banks, which would serve to secure a dam. 

Three miles below Wiseman's mill is Joseph Lovin's grist-mill. 

Two miles below Three-mile creek is Lafayette Wiseman's mill. This 
was formerly a saw-mill and a com- and wheatrmill, but the saw-mill 
has been washed away. There is a rock abutment on either side of the 
river and a shoal extends half way across, but there is little natural fall. 
The dirt side of the river bank has been washed out, but it is now walled 
in with rock. 

Just below Three-mile creek (Elsie post-office) are Jas. H. Wiseman's 
saw-, wheat-, and corn-mills and wool cards. 



TOE BITER AND TBIBITTABIE8. 247 

A quarter of a mile below Plum Tree there is a mica-mill (H. R. 
Jones) which is operated by water conveyed in a ditch three-eighths 
of a mile long, the water being taken out of the river above the mouth 
of Plum Tree creek. 

Three-fourths of a mile below Hensons creek (marked " Powder Mill 
creek " on the TJ. S. Geological Survey topographic map) there is said 
to be a good site for a dam. 

Just above the mouth of Roaring creek there is a good rock shoal 
and sides for a dam with a natural fall of 4 or 5 feet reported. 

TBIBUTASIES OF TOB BIVER. 

CANEY RIVER. 

The first of the important tributaries above the Tennessee line is 
Caney river, which rises on the western slope of the Black mountains in 
the southern part of Yancey county and flows in a general northerly 
course for a distance of some 20 miles to where it joins the Toe river, 
about 5 miles above the state line. Its drainage area is about 158 
square miles. It is everywhere a rapid stream, and through a consid- 
erable portion of its course runs through a deep, narrow, rock-bound 
gorge, where the construction of dams for waterpower development 
would be an easy matter. While the stream is everywhere a rapid one 
there are but few shoals with concentrated fall to be found. 

A gauging of the river was made about 1^ miles above its mouth 
at a point where the stream was about 200 feet wide, at a time when 
the water was said to be about three inches above its normal height. 
The result showed a flow of 511 cubic feet per second, which would 
indicate at this stage of water and place about 57 horsepower per foot 
fall. This gauging was made the morning after a very hard rain when 
the water was very turbid and is manifestly a high-water measurement, 
the discharge of 3.4 second feet per square mile being entirely too large 
for any normal stage of flow. The average dry season flow will prob- 
ably be about 150 cubic feet per second and 17 horsepower per foot fall. 
The few shoals on this stream which may be considered suitable for 
waterpower development are described below. 

About 5 miles above the mouth of the river there is a shoal with a 
natural fall of 5 feet in a distance of 200 yards, with a suitable place, 
with rock bed and sides, for a dam at the head of the shoal. The dis- 
tance between the rocky banks on the opposite sides of the stream is 
about 150 feet. At the lower end of the shoal there is a small space 
suitable for buildings. 

Just above the mouth of Bald Mountain creek there is a shoal with 
about 10 or 12 feet fall in a quarter of a mile with a number of good 
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locations with good stone foundations for a dam and ample supplies of 
rock suitable for its construction. The walls of the gorge in which the 
river runs here have a slope of about 30°. The total length of the 
shoal, paced, is 1250 feet. The fall was estimated with hand-level and 
aneroid. On the south side of the river, about 200 yards below the 
foot of the fall, there is a small level area suitable for buildings. This 
shoal is the property of Jacob Lewis, Bee Log, N. C. 

Still further above Bald Mountain creek, and about one and one- 
half miles below Higgins and Brown's grist- and saw-mill, there is a 
natural fall of 4 feet in a distance of 200 feet, with a suitable place for 
a dam a short distance from the top of the rapids. The bed of the 
stream at this point is of rock, and the rocky walls of the gorge are 
quite steep, having a slope of about 40° to a height of over 100 feet. 
There is about 3 feet fall through a narrow gorge for the next 300 
yards, then there is a small space for buildings. 

About half a mile above the last-mentioned, and a mile below Hig- 
gins and Brown's mill, there is a fall of 5 feet in about 250 yards with 
a good place for a dam about half way. 

At Higgins and Brown's saw- and grist-mill, some 7 miles below 
Caney river post-office (following the river), there is a dam 4 feet high 
or less with good rock foundations and abutments, the width of the shoal 
being about 76 feet. There is here an excellent site for a dam, but the 
space for buildings is not extensive. 

About 7 miles below Caney river postroffice there is a four-foot fall in 
about 200 yards. The river is 50 feet wide with good rock shoal and 
steep rocks up both sides to a height of about 200 feet. There is some 
building space at the ford 200 yards below\ 

At the next ford above this last, one mile below Elk Shoal creek, 
there is a fairly good place for the location of a dam, and there is 
ample space for building room in the bend. 

SOUTH TOE RIVf R. 

This stream rises at the extreme 'southern point of Yancey county 
between the Black moimtains on the west and the Blue Ridge moun- 
tains on the east, and near where they join at the High Pinnacle. It 
flows in a general northerly course, and joins the Xorth Toe river about 
5 miles east of Burnsville. Its total drainage area is about 91 square 
miles, of which probably more than 90 per cent, is forest-covered. The 
few shoals worthy of mention on this stream are briefly described as 
follows: 

About two miles below the mouth of Browns creek and 4 miles 
(straight line") a1)ove the mouth of the river, between Fawn Knob and 
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Celoe Kidge, there is a shoal with a fall of 3i feet in 100 feet over 
a ledge of coarse granite (p^matite). The rock rises at an angle of 
about 15° on both sides (somewhat steeper on the south side). The 
width of the stream at the head of the shoal is 50 feet, but it is only 
about 15 feet wide at the narrowest place. There is ample level space 
for buildings on the south side just below shoal. 

There is also a small shoal just above the mouth of Browns creek. 

A short distance below the mouth of White Oak creek there is a shoal 
with a fall of about 4 feet in a distance of 300 ffeet A ledge of solid 
rock crosses the bed of the stream, but this rock is not exposed in the 
banks for abutments, and the stream is here bordered by broad bottom- 
lands. 

There is a small shoal between the last-mentioned and the mouth of 
Locust creek, and at the mouth of Locust creek is another small shoal 
with a fall of about 3 feet with good rock foundation for a dam. 

Again, about one-half mile above the mouth of Locust creek, there is 
a fall of about 5 feet in a distance of 100 feet, with bottom and banks 
to the height of 10 feet solid rock. 

There are almost continuous rapids in the bend below Colberts creek 
about 2 miles above Locust and 4 miles above Browns creek. In a 
steep, rocky gorge the stream flows as a continuous rapid, having a fall 
of 6 feet in 200 yards, the width of the stream being about 75 feet. 
There is an excellent site for a dam, with solid foimdations and sides. 

There is another small shoal about 200 yards above this mentioned at 
the mouth of Colberts creek, where there is a nearly perpendicular fall 
of 3 feet. The stream is here only 30 feet wide, but a dam 60 feet 
long would be required to develop this power fully. 

Two smaller tributary streams may be mentioned: Big Bock creeks 
which rises on the southern slopes of the Iron moimtains and just west of 
Hoan mountain in the northwestern portion of Mitchell coimty, and 
flows in a southwesterly course, joining Toe river about 7 miles west 
of Bakersville, has along its course several small shoals, one or two of 
which have been already partially developed, and at one point, a short 
distance above its junction with Toe river, there is said to be a natural 
fall of 10 feet, which, with a dam, could be greatly increased. 

Cane creeJcy which rises on the south side of Roan moimtain and flows 
westward for a distance of about 10 miles, joins Toe river about 3 miles 
west of Bakersville. For one or more miles above its junction with the 
river it runs in a deep, narrow gorge with rocky sides, and is said to 
have a fall of more than 60 feet in a distance of less than a quarter of 
a mile. 



CHAPTER XII. 

THE FRENCH BROAD AND PIGEON RIVERS/ 

THE FBBKCH BiROAB BIVEB AND TBIBX7TABIE8. 

The French Broad river rises on the eastern slope of Tennessee Ridge 
which lies between Jackson and Transylvania counties, and flows in a 
general northeasterly course across Transylvania and Henderson coun- 
ties for a distance of about 30 miles, and thence northward across Bun- 
combe county for a distance of something more than 20 miles; thence 
across Madison county for a distance of 20 miles, across Great Smokj 
mountains at Paint Rock into eastern Tennessee, where it joins the 
Nolechucky, the Holston and the Tennessee, flowing thence into the 
Mississippi and the Gulf. 

The drainage area of the river above Asheville is 987 square miles, 
and the total drainage area in North Carolina is 1745 square miles. Of 
this, according to the statistics of the tenth census (1880) at that time, 
191,000 acres were in cultivation, 41,000 acres in grass and 879,000 
acres, or 78 per cent of the whole, were still forestrcovered. The total 
annual rainfall of this basin as represented by the station at Asheville 
is 42.6 inches, distributed as follows: spring, 11.7; summer, 13.8; 
autimm, 7.7; winter, 9.4 inches. The soil of the entire basin is deep 
and fertile, and is generally loose and porous, being a sandy and gravelly 
loam. The lands along the valley of the French Broad in Transylvania 
and Henderson counties are among the finest in the state. Through 
Buncombe and Madison counties the river for the most part runs through 
a deep gorge with but little land bordering it which can be cultivated, 
but on the hills back from the river there are many cultivated acres 
which yield abimdant crops of tobacco, corn, wheat, oats and rye. 
Throughout the upper portion of the stream, while the current is not 
sluggish as compared with streams in the coastal plain region, it is 
not rapid as compared with other mountain streams. Its descent is 
fairly uniform, and no waterpowei*s have been developed, nor are the 
conditions there favorable for waterpower development. At a few 
places, however, where the river passes through a narrow, rock-bound 
gorge, permanent dams could be easily constructed which would yield 

1 Bv F. NV. Mvj'is and J. V. Lc'wis. 
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waterpowers of considerable magnitude. From Asheville to Paint Rock 
the river flows as a rapid current for the entire distance in a rocky 
gorge, the depth of which increases as the Tennessee line is approached, 
where the river makes its way across the Smoky Mountain ridge. 

For measurements of the flow of the French Broad river at Asheville 
see pp. 322-326. 

WATEBPOWBB ON THB FBENCH BBOAD BIVEB. 

The total descent of the river from Asheville to Paint Eock is 710 
feet. While this descent is fairly uniform, yet at several places there 
are shoals of greater or less prominence. A serious difficulty in the 
way of developing these shoals into waterpowers is that throughout this 
distance the river is closely followed by the Western North Carolina 
di^'ision of the Southern Railway, the track being for the most part 
only a few feet above high water. The more prominent of these shoals 
are the following: 

From the Tennessee line up to Hot Springs, a distance of about 6 
miles, the total fall in the river is 59 feet, an average fall of 9.8 feet 
per mile. This fall is well distributed, the river being smooth, running 
between stretches of bottom-land and having no shoals worthy of 
mention. 

The first shoal on the river is a small shoal just above the bridge across 
the river at Hot Springs. The shoal has but small fall and is of no 
importance. 

Above Hot Springs the character of the river changes abruptly. 
From a smooth, though rapid, streanii'it suddenly becomes a dashing 
mountain torrent, running between high hiUs on either side, its bed 
obstructed by ledges of rock that project in jagged ridges across the 
stream. There are also several small islands and large numbers of huge 
boulders, and in places the river becomes very wide. In the 7.7 miles 
between Hot Springs and the mouth of Brush creek the fall is 201 feet, 
an average fall of 26.1 feet to the mile, and this may be called practi- 
cally one shoal. At intervals, however, the fall within this distance is 
much more concentrated, and there is even one short space where the 
water appears sluggish, just below Mountain island. Here the river con- 
tracts, just below the lower end of the island, to a width of not more 
than 60 feet, and the water is said to be 60 feet deep. 

MouirrAiN Islaitd shoal is the first shoal on the river possessing any 
concentrated fall. Here there is a small rapid at the lower end of the 
island and an almost vertical plunge at the upper end of about 4 feet. 
There is also a small amount of land suitable for the erection of build- 
ings at the lower end of the island (Plate XII). 
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From the upper end of the island to the mouth of Brush creek the 
river is a continuous rapid, but with concentration of fall about as 
follows: 

About two miles above Moimtain island, just below the mouth of Big 
Laurel creek and for about half a mile above its mouth, there is a large 
fall, estimated by eye alone as 15 feet or more in the half mile above the 
creek mouth. There is very little level ground bordering this part of 
the river, but situations suitable for buildings might be found at Frisby 
station, where also a good dam site may be foimd. 

For the next mile the fall is large but well distributed, there being 

onlv two small shoals noticeable in this distance. 

« 

There is a long rapid, with large fall in the bend of the river, about 
2 miles below Barnard. The aggregate fall here is not known. There 
is but very little room suitably situated for buildings. 

Below, and extending for some distance above the mouth of Brush 
creek, the bed of the river seems to be of solid rock for a quarter of a 
mile; the fall is large, the banks rocky and very steep, and the river is 
narrow. The conditions for the construction of a dam are very favor- 
able, plenty of building material being foimd on the spot. No ordinary 
development of any of these powers is possible, while the railroad track 
retains its present position, quite close to the river and only a few feet 
above the high-water level. 

From the mouth of Brush creek to Asheville, a distance of 29.3 miles, 
the stream is still very rapid, but the average fall per mile is much less 
than in the section of the river from Brush creek to Hot Springs. The 
total fall from Brush creek to Asheville is 450 feet, and the average 
fall per mile is 15.37 feet. 

This fall is well distributed, there being very little concentration of 
fall above this point. 

Just below Barnard station there a small shoal with good building 
room and a site for a dam, but the fall is not very great. 

A mile and a half above Barnard, and a mile above the mouths of 
Papaw and Walnut creeks, there is a shoal which has only a small fall, 
but the river is harrow, affording a good site for a dam but little room 
for buildings. The river is very rapid for half a mile below this shoal. 

There are small rapids above Alexander station and again about 3 
miles above this station, but there are no verv favorable sites for dams 
and not much space for buildings. 

Above Asheville the character of the river again changes, and from 
a verv^ rapid moimtain stream it comes to remind the observer of the 
streams of the eastern part of the state. The bed of the river is over- 
laid with a stratimi of coarse sand and gravel, and in general is quite 
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smooth, though the current is interrupted at intervals by ledges and 
boulders. The fall is very much more gradual and evenly distributed 
than is usual with mountain streams. The distance from Asheville to 
Brevard by river is 48.35 miles, and the total fall only 130.9 feet, the 
average fall per mile in this distance being 2.7 feet 

There are only two shoals on this part of the river of more than a 
few inches fall. Eight and one-half miles above Asheville is the Sandy 
Bottom shoal, the largest in this part of the river. The total fall is 
22.6 feet in about 18,000 feet' 

About 12 miles above Asheville, and 3^ miles above the Sandy 
Bottom shoal, is Long shoal, where, in 12,920 feet, the fall is 18.3 feet 

TBIBUTABIES OF THE FBENOH BBOAD BFVEB. 

The French Broad has a number of tributary streams upon which 
have been already or can be developed small waterpowers by the con- 
struction of dams across the narrow, rocky gorges through which these 
streams make their way to the river. The more important of these 
are as follows: 

Spring creeJcy which rises on the eastern slope of the Newfoimd 
mountains in the extreme southwestern portion of Madison county, 
flows in a northerly direction and joins the French Broad river at Hot 
Springs, above which point it has a total drainage area of 66 square 
miles. 

Laurel river^ which rises in the Bald mountains in the extreme 
northeastern comer of Madison county, flows in a southwesterly course 
and joins the French Broad about IJ miles above Hot Springs, having 
a drainage area of 141 square miles. 

Ivy river, the next of the important tributaries in the ascending 
order, rises on the western slopes of the Cra^y mountains near Yates 
Knob and, flomng in a general westerly course, joins the French Broad 
river a little more than 2^ miles above Marshall, having a total drainage 
area of 176 square miles. On this stream there are several shoals, 
which, though not; of great importance, are yet deserving of mention in 
this connection. 

One mile above the mouth of the stream there is a natural fall of 6 
feet in a distance of 200 feet, and there is an excellent location for a 
dam on solid rock where most of the fall is concentrated. The width 
of the stream here is 60 to 70 feet. The adjacent ground is not very 
satisfactory for large building sites, but the power can be easily trans- 
mitted electrically to the town of Marshall only a few miles distant 

* The Information concerning the shoals between Asheville and Brevard was obtained from 
the Annual Report, Chief of Englneen?, 1876, p. ?22. 
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On Big Ivy, just above the mouth of Little Ivy, there is a grist- and 
saw-mill, located on a good site, with a dam about 8 feet high, giving a 
fall of 10 feet Below this the stream is rapid and descends rapidly, so 
that this fall could doubtless be increased. 

At Democrat postroffice, one mile above the Bumsville road, there is 
a grist-mill, located on a good site, with a 10-foot log dam. This power 
might be considerably improved by adding the 2 feet fall just below the 
dam and in other ways. There is a suitable place for building just at 
or near the dam." 

On the Middle fork of Little Ivy river, just at its junction with Paint 
fork, there is a mill with an overshot wheel using about 15 feet fall. 

Sandy Mush cretk^ which is joined by the Turkey creek, both having 
their rise in the slopes of Newfound mountains in the western part 
of Buncombe county, .flows in a northeasterly course and joins the 
French Broad at the west side of the river at a point about 4^ miles above 
Marshall. It has a total drainage area of 86 square miles. 

The Swannanoa river, which rises against the southern end of the 
Black moimtains between the Craggies and the Blue Kidge and flows 
thence in a general southwesterly course, joins the French Broad about 
a mile above Asheville, having a total drainage area of 132 square 
miles. The only power on this stream worthy of mention is that a few 
miles above the mouth, which, is now being utilized by the Asheville 
city authorities to pump the water supply up to the city reservoir. 

Hominy creek rises near the ^southern end of Newfound Mountain 
ridge, a few miles east of Canton, in Haywood county, and 
flowing eastward joins the French Broad about 2 miles above the mouth 
of the Swannanoa, having a total drainage area of 93 square miles. 
On its course there are several shoals and 2 or 3 small mills, but none of 
great importance. A short distance above its mouth its largest power 
has been improved and is used for developing electricity by one of the 
Asheville street railway companies. There is here a total fall of 30 
feet, and it is reported that 300 horsepower is used during the larger 
portion of the year. 

Cane creek y the next above, rises on the western slope of the Blue 
Ridge just south of Swannanoa Gap, and, flowing in a north- 
westerly course, joins the French Broad river on the east between Hen- 
derson and Buncombe counties. It has a total drainage area of 90 
square miles. 

Muddy creeky which enters the French Broad a few miles above the 
last-mentioned, rises in the Blue Ridge some miles to the southwest of 
Hendersonville and flows first in a northerlv and then a northwesterlv 
direction, having a total drainage area of 113 square miles. 
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Mills riveTy which enters the French Broad on the west, nearly 
half a mile above the mouth of Muddy creek, rises on the southern 
slopes of the Pisgah mountains and flows in a general easterly course, 
having a total drainage area of 74 square miles. 

PiaEON BIVEB. 

Pigeon river rises in the extreme southern portion of Haywood 
county and against the northern and eastern slopes of the southern end 
of the Balsam mountains near their jimction with Tennessee ridge; it 
flows thence in a northerly course for a distance of some 20 miles, when 
it crosses the Murphy division of the Western North CaroUna raikoad 
at Canton. Thence it flows westerly for a distance of about 10 miles, 
and then northwesterly about 25 miles to the Tennessee border, where 
it breaks across the Great Smoky mountaina in a deep, rocky and inac- 
cessible gorge. From this point it flows on in a northwesterly course 
for a distance of some 25 miles more, where it joins the French Broad, 
and its water ultimately reaches the Gulf through the Tennessee and 
the Mississippi. 

Where tlus river is crossed by the Western North Carolina railroad 
at Canton it is to be seen as a rather quiet, placid stream, and it main- 
tains this character to a greater or less degree for a distance of 10 to 
15 miles below this point. Lower down, however, and on to where it 
crosses the state line into Tennessee, it becomes a rapid, rushing stream, 
flowing in a deep, narrow, rock-bound gorge. The total distance from 
Canton to the Tennessee line, following the windings of the river, is 
not much short of 50 miles, and in this distance its aggregate fall is 
approximately 1300 feet, or 26 feet to the mile. 

Just above its junction with Eichland creek it has a drainage basin 
of 268 square miles. It has a total drainage area above the Tennessee 
line of 572 square miles. Of this total area in 1880, 40,000 acres were 
reported as being in cultivation, 11,000 acres in grass, and 315,000 
acres, or about 86 per cent, of the total area, were still forest-covered. 
The total rainfall of the basin for the year as determined by a single 
station at Waynesville, observations at which extend over between 3 
and 4 years, is given by the United States Weather Bureau as 48.4 
inches, distributed as follows: spring, 13.7; summer, 16.6; autumn, 7.5; 
winter, 10.6 inches. 

WATERPOWER ON PIGEON BIVER, 

But few waterpowers on this stream have been developed, and there 
are but few shoals about which much is known. From the Tennessee 
line, up the stream for 20 or 25 miles following its windings, the river 
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gorge is deep, narrow and irregular. The country is exceedingly rugged 
and inaccessible, and the stream is almost a continuous rapid. At a 
number of points the conditions are favorable for the construction of 
dams, which would yield a fall of water varying with the height of the 
dam, and while at most of these points there is no space available 
for extensive buildings, the power could be easily transmitted to 
Waynesville by electricity and there used in manufacturing enterprises. 
Further up the river the first shoal to be met with is one located about 
three-quarters of a mile below the mouth of Crabtree creek, where 
there is a fall of about 3^ feet in a distance of 400 feet, but as there 
is here no place suitable for the construction of a dain, the power is not 
a promising one for development. 

About 3 miles below Clyde there is another small shoal now occupied 
by a small grist-mill. The development here consists of an ordinary 
log dam 4 feet in height, built across the top of the shoal. The Tm'11 is 
operated by an undershot wheel, which uses only a small portion of 
the water available. 

About one-half mile below Clyde there is still another small shoal, 
partially developed for the operation of a saw- and grist-mill. There 
is here a log dam 8 feet high, and, as in the last-mentioned case, this 
mill uses only about half of the water at the period of the lowest flow. 

At a point 1^ miles above Canton there is said to be a fall of several 
feet in a short distance, where the conditions are quite favorable for the 
construction of a dam, which would increase this fall considerably. 
Still further up the river there are a number of shoals where small 
waterpowers may be developed for the operation of small grist- and saw- 
mills. 

On the three principal tributaries lying on the west side of the river 
— Cataluche, Jonathan and Richland creeks — ^there are also a number 
of small shoals capable of being developed to powers either for local 
use or for transmission, electrically, to Waynesville. 



CHAPTER XIII. 
THE TENNESSEE AND HIWASSEE RIVERS.' 

THE TENNESSEE BIVEB AND TBIBX7TABIEB. 

The Tennessee river is the largest of the North Carolina streams west 
of the Blue Ridge, being slightly larger than the French Broad. It 
rises on the north slope of the Blue Ridge in Rabun county, Georgia, 
and flows in a general northerly course across Macon and a portion of 
Swain county to a point about 10 miles east of Bryson City, where it is 
joined by the Tuckaseegee river and flows in a general westerly course, 
forming the line between Swain and Graham counties, and, like the 
mountain streams' already described, crosses the Great Smoky moun- 
tains in a deep, narrow, rocky gorge. From this point the river flows 
in a northwesterly course for a distance of 40 to 50 miles, to where it 
joins the Holston, and thence flows to and through the Mississippi to 
tlie Gulf. The total drainage area of the river basin above the Ten- 
nessee line is 1831 square miles, of which, according to the United 
States Census Report in 1880, there were 83,000 acres of land in cul- 
tivation, 11,000 acres in grass, and 1,078,000 acres, or 90 per cent, of 
the whole, in forests. The total rainfall of the year in this region is 
given by the United States Weather Bureau as 62.2 inches, distributed 
as follows: spring, 14.6; summer, 17.5; autumn, 12.7; winter, 17.4 
inches. In most of these mountainous counties autumn is the driest 
season. The soil of this region is deep and fertile, being well adapted 
to the grasses, cereals and tobacco. It contains a larger portion of 
clay than is found in some of the more northeastern mountain counties, 
but still may be fairly considered as a loam. The basin contains numer- 
ous valuable mineral deposits, notably the mica and corundum deposits 
in Jackson and Macon counties. 

Throughout the larger portion of its course from the Georgia line to 
Franklin, the river is, for this region, a rather sluggish stream with occa- 
sional shoals, but from five miles below Franklin to beyond the Ten- 
nessee line, it runs through a deep gorge with rock bottom and sides, and 
for this entire distance is practically a succession of shoals. A few 
important waterpowers have already been developed, but there are a 

J By E. W. Myers aud J. V. Lewis. 
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numlicr of places where the conditions are favorable for the develop- 
ment of much larger powers, as shown by the following notes. 

For 16 miles below Kocky Point ferry the river plunges through a deep 
gorge formed by the spur of the Bald mountain on the north and the 
Unicoi mountains on the south, the stream varying in width from 30 to 
150 yards, and the fall from 10 to 40 feet per mile. From Rocky 
Point ferry up to the mouth of the Tuckaseegee river, a distance of 
about 23 miles, the mountains dwindle gradually, the river becomes 
broader and the fall diminishes to an average of about 15 feet per mile. 

The character of the river bed for the larger part of its course in 
North Carolina is practically uniform. It is crossed by bodies of 
gneissic, schistose and slaty rock, in some places flat and in other places 
inclined at steep angles. The variations in the rock are not great 
enough nor abrupt enough to produce vertical falls of great height, but 
sufiicient to produce here and there numerous small rapids and plunges 
of from 6 inches to 2 feet each, giving an aggregate fall of from 10 to 
40 feet per mile. 

Table of Declivity in North Carolina.^ 



LocaJity. 


Distance. 


• 

Altitude. 


Fall 
per mile. 


Stato line 


0.0 
5.0 
11».0 
85.0 
59.5 
80.0 


1224 
1806 
1512 
1745 
2055 
2240 




Rocky Point 


16.5 


Calbouns 

Alarka creek 


15.0 
14.0 


Franklin ford 


13.0 


State lino ((ieor^la and North Carolina) . 


9.66 



Average fall per mile in Xorth Carolina 13.5 feet. 
For measurements of the flow of the Little Tennessee river at Judson, 
4 miles above its junction with the Tuckaseegee, see pp. 329 to 331. 

WATERPOWER OX THE TEXXESSEE RIVER. 

The tii-st 4 miles of the river up from the Tennessee line lies in a 
d(H^p» rocky gorge, through which it passes as a succession of rapid?. 
The volume of water and the fall are ample for large possibilities in 
waterpower development, but the rocky walls of the stream are so steep 
aiul high, the gorge so narrow, and the region so rugged as to be quite 
inaccessible. The tirst accessible shoal of importance is half a mile 
above Kockv Point frrrv aud iust Mow the mouth of Twentv-raile 
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creek; it has a fall of about 6^ feet in a distance of 200 yards. The 
river here is quite narrow, not being more than 40 feet wide in portions 
of the shoal. At the head of the shoal it is considerably wider, though 
there are good abutments and foundation for a dam. There is also an 
abundance of space for buildings. 

Three-fourths of a mile above Twenty-mile creek there is a rapid 
with a fall of about 4 feet in 100 feet Here the rocky banks of the 
river are so steep and high that a dam 100 feet high would not be over 
300 feet long at the top. Stone for the construction of such a dam 
and for other purposes is abundant in the vicinity, but there is no space 
for buildings. There are the possibilities here for a waterpower of 
considerable magnitude. 

About a mile above this last, and just below Fairfax post-office, there 
is a rapid with a fall of about 6 feet, distributed somewhat uniformly 
through a distance of 250 yards. The river is quite wide here, how- 
ever, and the country is exceedingly rough. A dam could be built 
almost anywhere on the shoal, but there is no suitable building space 
for a mill. 

Half a mile above this shoal, and again one mile above it, there are 
rapids of small fall, extending over considerable distances, and not, 
therefore, of much importance. 

About 2 miles above Fairfax there is a better rapid, having more 
fall than the last-mentioned and a little space for buildings, but the 
channel is quite broad, and the locality is not regarded of much im- 
portance as a waterpower possibility. 

During the next 7 miles up the river there are no shoals with any 
important concentrated natural fall, though there are a number of places 
where dams might be built and powers developed, the current being 
sufficiently rapid to prevent the accumulation of water below the dams 
in time of freshets. 

About a quarter of a mile above the mouth of Hazel creek there is a 
rapid having a natural fall of about four feet in two hundred yards, 
and consisting of two equal parts separated by about a hundred yards 
of smooth water. Neither place is suitable for building a dam, as the 
banks are not good, the south bank in particular being bad, and besides 
the river here is quite wide. 

From this point to about one and a quarter miles above Wayside post- 
office, a distance of about one and three-quarter miles, the river is very 
placid, running smoothly and containing no rapids to speak of. One 
and a fourth miles above Wayside there is a small rapid having a fall 
of about 18 inches in 200 to 250 feet. The river is broad, however, 
and neither bank is good, nor is there much level room for building, 
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80 that the shoal is practically of no importance. There are two rapids 
between this place and Bushnell, but they are small and of little 
interest. 

From the mouth of the Tuckaseegee river, at Bushnell to the mouth 
of the Nantahala river, a distance of about 7 miles, the stream is 
very rapid and there are available places for dams, bu( there are no 
shoals of any consequence, and the railroad follows the river so closely 
that it would be impracticable to utilize fully any power that might lie 
in this section of it. For the five miles above the junction with the Nan- 
tahala the stream was not examined, but it is said to be of about the 
same general character as the five miles below this point. 

Five miles above the mouth of the Nantahala we found a small shoal 
having a fall of about two feet in one hundred. There is good foun- 
dation for a dam and rock abutments on the banks, but the space for 
buildings is small. 

From this point to the mouth of Brush creek, a distance of some- 
thing over four miles, the river is quite rapid and shoaly, but there are 
no large concentrated natural falls. 

At the mouth of Brush creek the river divides and includes an island 
about a quarter of a mile long. On the east side of the island there is 
a shoal having ample fall for fair power development, but the location 
is not favorable for a permanent dam. On the west side, and at the 
foot of the island, there is now a small saw- and grist-mill, using a head 
of about six feet, produced by a log dam of the same height built at the 
foot of the shoal. Also, just above the mouth of Brush creek, there is 
a small shoal, but of no particular importance. 

Two miles and a half above the mouth of Brush creek, and about 
fourteen miles from Franklin, there is a shoal having a natural fall of 
about two feet with a good site for a dam and an ample space for build- 
ings. 

Then, for the distance of about one mile, the river is comparatively 
placid and sluggish. Above this for about a mile or a mile and a half, 
there is a rapid consisting of a series of small cascades 100 to 150 yards 
apart, none of them having separately a fall of more than a foot. 

For a distance of about three miles there is verv little fall in the 
river, and the only shoal is a mile below the mouth of Cowee creek and 
ten miles from Franklin. This shoal has a fall of about one foot over 
a solid rock ledge extending entirely across the river and giving good 
foundation for dam and a good abutment on the north side, but on the 
south side the conditions are not so favorable. There is, however, 
ample space for buildings. 

About a quarter of a mile below the mouth of Watauga creek there 
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is a small shoal with a fall of about one foot, but the rock in the bed of 
the stream is not favorable for the foundations and abutments of a dam. 

Just above the mouth of lola creek, and about 5 miles from Franklin, 
there is a small shoal with a little fall consisting of rock ledges across the 
river, and there is plenty of good building room, but the banks are not 
favorable for a dam. 

Above this point the river is comparativelv of gentle grade, and there 
are no available waterpowers. 

A discharge measurement at Franklin, September 13, 1895, gave 
426.9 cubic feet per second, equivalent to 48.5 horsepower per foot 
fall. The measurement was made at low water. 

TBIBUTABIES OF THE TENNESSEE BTVEB. 

The Tennessee has numeroiis tributary streams in Xorth Carolina, 
one of which, the Tuckaseegee, has a drainage basin above the junction 
of the two slightly larger than that of the Tennessee. The more im- 
portant of these tributaries are the Cheowah, the Tuckaseegee, the Nan- 
tahala, and numerous smaller streams. These more important tribu- 
taries, together with their possible waterpower development, may be 
briefly described as follows: 

THE CHEOWAH RIVER. 

The Cheowah river rises on the western slopes of the Long Kidge 
mountains in the neighborhood of Red Marble gap in the extreme south- 
western comer of Graham county. Thence it flows in a general north- 
westerly and northerly course, joining the Tennessee river 2 or 3 miles 
above the state line. Its drainage basin embraces 219 square miles, 
lying between the Cheowah mountains on the north, Long Ridge on the 
south, and the Unicoi mountains on the west, and is fed by numerous 
small mountain streams. Owing to the fact that more than 80 per cent. 
of the region is still forest-covered and the soil is deep and porous, the 
water in this region has a fairly uniform flow. 

The total fall in the river from the forks to the mouth is about 780 
feet, the distance in a straight line about 9 miles, following the course 
of the river about 14 miles, and the average fall per mile between 55 
and 60 feet. 

For about 6 miles up from its mouth this river has not been carefully 
examined. It runs through a deep, rugged gorge, and is a succes- 
sion of shoals and rapids for the lower 7 or 7^ miles of its course. The 
first place at which the river was observed was about 6 miles from its 
mouth and about one mile below the mouth of Cochran creek. The 
river was one continuous rapid, with a fall of not less than 50 feet in 
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a short distance, the water being very swift. The stream coxild be 
dammed anywhere and large power secured, the amount of fall being 
in proportion to the height of dam or the length of race. Owing to 
the depth and narrowness of the gorge there is but little space for any 
buildings other than power-houses, and the power would need to be 
transmitted electrically to points on the railroad where manufacturing 
plants can be located. There is an especially good place for a dam at 
the mouth of Cochran creek, as the river is there quite narrow. 

For about half a mile above this point the river is quite rapid, but 
contains no shoals of any special importance, the only one worthy of 
notice being nearly a half mile above the entrance of the creek, and this 
one has only about 2 feet fall, but it has a good site for a dam, by which 
the fall could be decidedly increased. 

Between this point and the mouth of Santeetla creek, a distance of 
about 3 miles, there are 2 small shoals, the lower midway, with a natural 
fall of 4 feet in a distance of 160 feet, and the upper shoal, half a mile 
below Santeetla creek, where there is a fall of about 3 feet in 100 feet 
In both cases the rocky bed of the stream and rocky walls of the gorge 
afford conditions favorable for building dams which would greatly 
increase the fall, the stone near-by being abundant and suitable for the 
purpose. At both shoals there is also ample space for the location of 
buildings. 

Near and above the mouth of Santeetla creek there is, in the Cheo- 
wah, a series of little cascades, each from 6 inches to one foot in height, 
the water flowing over a floor of solid rock all the way for a distance 
of a mile or more. Three-quarters of a mile below the mouth of East 
Buffalo creek there is a shoal having- a fall of 3 feet in a short distance 
over a solid rock ledge. At this point there is ample space for necessary 
buildings and an abundance of stone suitable for dams and building 
purposes. 

Half a mile above this there is a shoal having a fall of 2 feet in 50 
over solid rock ledges extending across the river, and offering good 
foundations and abutments for a dam; and there is ample space for 
buildings in the vicinity. 

About three-quarters of a mile above the last-mentioned point, and 
half a mile above the mouth of East Buffalo creek, there is a small rapid 
having about 2 feet fall in 100 yards, most of the fall being in 2 small 
plunges, one at the head and the other at the foot of the shoal. Solid 
rock ledges extend completely across the stream, and the banks are 
steep and rocky, furnishing a good site for a dam; and the supply of 
stone suitable for the construction of dams and buildings is ample and 
near at hand. 
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THE TUCKASEEQEE RIVER. 

The Tuckaseegee river rises on the northern slopes of the Blue Eidge 
and the Tennessee Kidge mountains in the southern part of Jackson 
county, and flows in a general northwesterly course, thence across this 
county and the southern part of Swain county to its junction with the 
Little Tennessee. It has a drainage area of 833 square miles. Above 
the mouth of the Occoneeluftee its drainage area, which lies almost 
wholly in Jackson county, embraces an area of 418 square miles. 

Like other mountain streams, the Tuckaseegee, for the larger portion 
of its course, flows rapidly through a narrow, rocky channel, and along 
its course there are numerous places where, by the construction of dams, 
excellent waterpowers can be developed. 

For measurements of the flow of the river at Bryson City see pp. 
326-328. 

Proceeding iip the river, the shoals will be named in the order of 
occurrence: 

About one and one-fourth miles above Bushnell, where the Tucka- 
seegee joins the Little Tennessee, there is a shoal having a fall of 
about 7 feet in 200 yards. A dam could easily be built here, although 
the river is wide, but there is no level ground suitable for the erection of 
buildings. There is a somewhat similar shoal about 200 yards above 
this place having a fall of about 2 feet, the two shoals in reality con- 
stituting the same shoal. 

About one mile above the last-mentioned site, and just below the 
mouth of Forneys creek, there is a small shoal having only a few inches 
fall and is of no importance. 

One-fourth of a mile above Forneys creek there is a short shoal hav- 
ing a fall of about 18 inches or 2 feet in about 60 feet, caused by ledges 
of rock extending straight across the river. There is here no place 
where a dam could be built on account of the railroad which is here very 
close to the river. There is ample building room in the bottom on the 
west side of the river about 20 yards from the top of the shoal. 

A quarter of a mile above this shoal there is another, having a fall 
of about 5 feet in 200 feet, but though the channel is quite narrow, any 
dam which might be built would have to be quite long, the river banks 
being flat and rocky and extending back some distance from the river. 
The river fills the whole space in time of high water. Immediately 
above this shoal there are a number of small rapids of a few inches fall 
each, but there is no concentration of fall in noteworthy amount until 
within half a mile below Bryson City. 

Here there is a shoal having, in a distance of about 150 yards, a fall 
estimated by the eye as certainly not less than 5 feet. The site is of 
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little importance, as there are broad bottoms on each side of the river 
lying only a few feet above the level of ordinary high water, and a 
large proportion of them is subject to overflow in time of freshet. 

Between Bushnell and Bryson City the river is uniformly very swift, 
and although there is no concentrated fall the fall is large, being cer- 
tainly not less than 16 feet to the mile and in all probability more than 
that amount. 

About 200 yards above Bryson City there is a shoal very similar to the 
one below the place, the fall being 3 or 4 feet, estimated as before. 
The conditions for development at this shoal are somewhat more favor- 
able,- the south bank being very steep and rocky and the north bank 
much higher. The site is not regarded as of any special importance. 

Throughout this part of its course the river is between 200 and 300 
feet wide. 

From this point, up to within three miles of Dillsboro, there are no 
shoals, and the river is skirted by strips of bottom-land. 

Three miles below Dillsboro there is a small, short shoal having a fall 
of about 2 feet. The river is wide, but there is plenty of room for 
buildings. 

About half a mile above this place, and just below the mouth of 
Dicks creek, is the beginning of a series of rapids that extend for half 
a mile up the river. There is a large fall in the rapids, the river is 
narrow and down in a deep gorge. 

Just below the town of Dillsboro there is an abandoned waterpower 
which was used until a few years ago to operate a large saw-mill. The 
dam, part of which is still standing, was built of triangular wooden 
frames bolted to the bed of the river and planked over on the up-stream 
side, and extended in a broken line across the river. At each of tlie 
angles, timber cribs, filled with stone, were placed to add strength to 
the dam, which was about 8 feet high. There was no race, the water 
being turned directly to the wheels. The constriction of the Miirphy 
branch of the Southern Eailway cut through the north end of this dam 
and the mill and power have since been abandoned. 

A discharge measurement of this river, made September 9, 1895, 
at the railroad bridge just below Dillsboro, gave a discharge of 398.5 
cubic feet per second at low water, equivalent to 44.2 horsepower per 
foot fall. 

Between Dillsboro and the forks of the Tiickasoegee, a distance of 10 
miles in an air-line and about 17 miles followinc: the course of the 
river, the average fall is at the rate of 10 foot per mile. The course of 
the river is tortuous and the bottom-lands bordering the river are fre 
qnently quite broad. The fall is well distributed, there being no shoals 
of importance in this distance. 
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Above the forks the character of the stream changes; the fall is 
greatly increased and there are numerous places where large fall can be 
obtained and powers of corresponding magnitude developed in con- 
sequence. The most noted of these possible power sites is that known 
as THE Falls of the Tuckaseegee^ situated on the smaller or west fork, 
about five miles above the junction with the east fork. The fall here in 
a distance of less than one mile is about 400 feet, and is over 500 feet 
in less than two miles. The drainage area above this place is nearly 
40 square miles, and it is about 12 miles on an air-line to the nearest 
railroad station, the distance to Dillsboro and Sylva being about the 
same (Plate XTTT). 

On this stream, as on the French Broad river below Asheville, the 
main obstacle in the utilization of the powers between Bushnell and 
Dillsboro is the position occupied by the railroad track which skirts the 
river bank for the entire distance, and any but a very low dam would 
seriously interfere with the road-bed, even in time of low water, and 
would cover it altogether in time of flood. 

Below Bushnell the country is extremely rough and mountainous 
and very thinly settled, and the present roads are entirely impracticable 
for any traffic. 

The^rindpal tributaries of the Tuckaseegee river in their order 
ascending the stream are Forneys creek, Nolans creek. Deep creek, the 
Oceoneeluftee river, Scotts creek and Caney fork, all entering from the 
north* 

Forneys creek, Nolans creek and Deep creek are all small streams, 
rising far up on the mountain slopes, having a large fall and affording 
some very good small powers, at present used for running small saw- 
and grist-mills. 

The Oceoneeluftee river, the largest tributary, rises in the Great 
Smoky mountains in the extreme northeastern part of Swain county, 
and flowing in a southerly and then in a southwesterly course, joins the 
Tuckase^ee about four miles east of Bryson City, draining an area of 
198 square miles. The current is uniformly rapid and the fall appears 
to be large but is very uniformly distributed, there being no shoals on 
the river as far as it was seen, of any considerable value for power pur- 
poses, though doubtless there are numbers of places where power may 
be secured by damming. 

Only two were seen between the mouth and Yellow Hill, each having 
a fall of about two feet in about 200 feet. In both places the river 
IS wide and the channel much obstructed. Above Yellow Hill the river 
becomes still more rapid and there are, it is said, a mimber of places 
where small powers can be developed. 
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Scotts creehy the next important tributary of the Tuckaseegee, has 
its head springs on the west slopes of the Balsam mountains near Bal- 
sam Gap, and, after flowing for about 12 miles, measured in a straight 
line, it empties into the Tuckaseegee just below the town of Dillsboro, 
draining an area of 65 square miles. 

The first power on this stream is in the town of Dillsboro, where is 
located a small saw-mill and locust-pin factory, using a small anaount 
of power, obtained by a dam across this creek. 

About 2 miles above Dillsboro, and in the town of Sylva, there is a 
small power, developed some time ago for the purpose of running a 
corundum-mill. The fall used, about 5 feet, was all obtained from the 
dam. The power here is, of course, very limited in quantity, only suit- 
able for operating a small plant. There are no other developed powers 
on this creek. 

NANTAHALA RIVER. 

The Nantahala river, which joins the Tennessee about 6 miles (by a 
straight line) above the mouth of the Tuckaseegee, rises on the northern 
slopes of the Blue Ridge in Rabun county, Georgia, and flows in a 
general northerly direction throughout its entire course. It has a total 
drainage area of 184 square miles, as compared with the Tennessee 
river, which rises near the same general region, and which has above the 
mouth c>f the Nantahala a drainage area of 467 square miles. This 
shows that the Nantahala throughout its entire course runs in a narrow, 
deep basin and has but few tributary streams. For the lower third of 
its course it runs in a narrow gorge from one to two thousand feet deep, 
having in this part of its course, which parallels the Murphy division of 
the Western North Carolina railroad, practically no tributaries. 

Waterpowers have been developed on the Nantahala at two points: 

(1) At RiCARD "AND Hewitt's talc-mill, about 10 miles (straight line) 
above the mouth of the river, where a small dam and a race furnish 
power sufficient for operating this mill. 

(2) At Hubbard and Mertz's saw-mill, about 3 miles further up the 
stream, where the river has cut through the Nantahala mountains, 
where it first reaches the railroad. The drainage basin of the river 
above this point has a total area of 152 square miles, practically all of 
which is forest-covered. At this latter point it is said that quite a large 
power could be developed, as the river flows here through a deep, nar- 
row, rocky gorge into a wider channel below. 

From this last-mentioned place down to the mouth of the river there 
are numerous undeveloped shoals with suitable places for the constnic- 
tion of dams, the stream-bed being narrow and its bottom and sides 
being of rock. The fact that the railroad track is but a few feet above 
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the bed of the stream would interfere with the large development of 
any of these shoals. 

CULLASAJA CREEK. 

There are numerous other small tributaries of the Little Tennessee 
on which either have been or can be developed important though small 
waterpowers. Thus, on the Cullasaja, one of these smaller tributaries 
of the Little Tennessee, at Corundum Hill the power is developed by a 
7-foot dam, giving a fall of 9 feet at the mill, this water turning a 40 
horsepower turbine-wheel. At the Cui.lasaja falls, 7 miles above 
Franklin, there is said to be a vertical fall of 95 feet and a total fall 
of 810 feet in one-fourth of a mile.* This is known as " Cullasaja lower 
falls." About 6 miles above this there is a succession of rapids and 
falls, in a narrow gorge, which together, are known as the " Cullasaja 
upper falls.'' An excellent power could be developed here also (Plate 
XIV). 

HIWASSEE BIVEB AND TBIBTJTABIES. 

The Hiwassee river rises on the northern slopes of the Blue Ridge 
in Towns county, Georgia, and flows in a general northerly-north- 
westerly course by way of Hayesville, Clay county. North Carolina, and 
then in a general west-northwesterly course across Clay and Cherokee 
coimties into Tennessee, where it joins the Tennessee, and through it 
flows into the Mississippi. 

The two most important of its tributary streams are the Nottely, 
which rises on the north slopes of the Blue Ridge mountains not far 
from the source of the Hiwassee in Union county, Georgia, and flows 
in a general northwesterly and northerly course, joining the Hiwassee 
some 5 miles below Murphy; and the Valley river, which rises in the 
extreme northwestern comer of Cherokee county, near Red Marble 
Gap, and flows in a southwesterly course, joining the Hiwassee at Mur- 
phy. The Nottely river has a drainage area of 305 square miles, and 
the Valley river, 128 square miles. 

The drainage basin of the Hiwassee above the Tennessee line is 
1084 square miles. Of this area, according to the census of 1880, there 
were 40,000 acres of land in cultivation, 35,000 in grass, and 619,000, 
or 89 per cent, of the whole, were still forest-covered, and in portions 
of the Valley river basin there are numerous valuable deposits of mar- 
ble, talc and iron ore, and also some gold, silver and lead. Along por- 
tions of Nottely and Hiwassee rivers also there are some flne farming 
lands and valuable deposits of marble and talc. 

* Tho fall here was measured by Dr. H. S. Lucas, with an engineer's level. 
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For measurements of the flow of the Hiwassee river at Murphy see 
pp. 881-834. 

WATEBPOWEE ON HIWASSSEE BIVEB. 

In connection with the following notes concerning possible water- 
power developments on the Hiwassee river, it must be said that the 
part of the river at and for 13 miles above the Tennessee state line 
has not yet been carefully examined owing to its inaccessibility. But 
according to the best information obtainable, there are in this portion 
of the river no shoals which could be developed into large powers; and, 
indeed, it is reported that there are no shoals in this part of the river 
with a fall greater than a few inches. 

Below Slurphy the river is a rapid stream, but the fall is well dis- 
tributed, there being no places where there is any considerable amount 
of concentrated fall. The distance from Murphy to the North Carolina- 
Tennessee state line, following the course of the river, is about 28 miles, 
and the total fall in the stream is about 300 feet, or between 10 and 
11 feet to the mile. 

Between Murphy and Hayesville, a distance of about 19 miles fol- 
lowing the course of the river, the total fall is about 250 feet and the 
average fall per mile about 13 feet. 

The first shoal seen was about a mile above Ogreta post-office and 
about 15 miles above the state line. Jhis shoal had a fall of about 3 
feet in 200, and at its crest there is an excellent foundation for a dam 
and an abundance of rock on the spot for building purposes, but the 
river at this point is about 300 feet wide. There is ample space for 
buildings on the northeast bank. 

From this point on up to within a half mile of Murphy there are 
occasional rapids in the river but no important shoals, and though places 
where dams could be built are numerous, no fall could be secured beyond 
w^hat the dam would give, and the river is from 250 to 300 feet wdde. 

Half a Hiile below Murphy is a site that is said to be probably the 
l>est in the county. There is no natural fall in the river at this place, 
but the stream is rapid and wide enough to allow of the easy escape of 
water below the dam, and there is here a good foundation for a dam and 
gooil abutments on both banks. On the southwest bank of the river 
there is a precipitous bluff of solid rock 100 feet or more in height, 
and this recedes from the river almost at right angles. Below this bhifF 
can be found ample space for buildings, which would here be in a 
measure protected from the effects of flood. A dam at this place would 
need to be quite lonir, but an ample supply of rock can be obtained 
close at haiul for its construction. The drainage of the river above this 
point is 570 square miles and the rainfall 61 inches per annum. This 
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power might be developed, conveyed electrically to the town of Mur- 
phy, and used there for operating a variety of manufacturing establish- 
ments. In the same manner the shoals mentioned on the river in the 
succeeding paragraphs might be developed and the power from each be 
brought to Murphy and there used for Ughting and manufacturing pur- 
poses. 

About 5^ miles above Murphy there is a shoal having a fall of about 
2 feet in 100. The river is quite narrow and could easily be dammed, 
as there are good foundations and abutments for a dam, and plenty of 
stone on the spot for building purposes. The locality is not favorable 
for buildings, but the power could easily be transmitted to Murphy as 
suggested above. 

Eight and one-fourth miles above Murphy the Cherokee Lumber Com- 
pany has in part utilized the finest power on the upper part of the river, 
though not for power purposes. 

There is a fall of about 3 feet in the river at this point over a solid 
rock ledge, and across the top of this a dam has been built for the pur- 
pose of floating logs to the steam saw-mill which they have at this point. 
This place could be well used for power purposes, as the foundations 
and abutments for a dam are good and there is ample space for a power- 
house and the other necessary buildings. 

About 10 miles from Murphy, just above the Shallow ford, there is a 
small shoal having a fall of about one foot in 60. Here again the river 
is narrow and the channel restricted, and a good dam could easily be 
built, thus greatly increasing the fall available, and there is plenty of 
good level building room. 

The Hiwassee is a very rapid stream, flowing in a channel which 
it has cut out of the solid rock, and in many places the banks are quite 
steep and precipitous and rocky, thus affording good sites for dams. It, 
like the other mountain streams, is subject to violent floods, frequently 
rising to a height of 10 feet above its normal level in a very short time, 
and dams would need to be strongly built to withstand these floods. 

From Murphy to Hayesville the stream has not been very closely 
examined, but it possesses the same general characteristics as noted 
above for the river in general, only its channel is more rocky and more 
restricted, and the banks higher and steeper. 

Nothing is known as to the waterpower of the Nottely river, as it was 
not examined and inquiry failed to bring to light anything of interest 
concerning the stream. There is no power worthy of mention in this 
connection on Vallev river. 
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CHAPTER XIV. 



STREAM MEASUREMENTS/ 

The power that can be developed at any point on a stream is de- 
pendent solely on the available fall and on the available quantity of 
water. 

The fall can be easily and accurately measured once for all with an 
engineer's level, but the determination of the quantity of water flowing 
is by no means siich a simple matter, for this is varying constantly, from 
hour to hour and from day to day, so that an accurate gauging of the 
flow made on one day will not of itself serve to determine the volume 
of the water on some other day when the stage of the river is different. 

To the engineer who has to plan a hydraulic construction, and to the 
investor who desires to purchase waterpower, an accurate knowledge of 
the flow of the stream where the power is located is a matter of 
the first importance. It is necessary to know the minimum flow, that 
the construction may be so planned as to give the desired power, and 
the maximum flow that the structure may be proportioned to withstand 
the enormous forces that may be brought to bear on it in time of flood. 
With all its importance, information of this character has been available 
for but a few streams, and these mainly located in the New England 
states, where the peculiarities of climate and topography are such as to 
render the data thus gained of little use in estimating the probable flow 
from other areas, lying under widely different conditions such as prevail 
in the South Atlantic states. 

It is evident that an accurate investigation of the flow of a stream 
under all conditions cannot be carried out in one year or in a few years, 
and so in almost every case where the volume of water carried by a 
stream was desired it has been necessary to rely on computations based 
on the rainfall over the drainage basin, supplemented by perhaps a single 

» By B. W. Myers. 
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gauging of the stream, and from this an effort is made to determine the 
minimum and average dry-season flows. It is scarcely necessary to 
say that such estimates are open to very serious error, the correctness of 
the figures for the flow thus determined being entirely dependent on the 
training and judgment of the engineer and his knowledge of the con- 
ditions prevailing over the drainage basin. Even with the most accu- 
rate knowledge of the topography of the basin the flow is a result which 
is dependent on so many varying factors such as the amount and dis- 
tribution of the rainfall in different years or periods, the temperature 
of earth and air, the wind movements, and the conditions of saturation 
of the soil and sub-soil, which, so far as known, follow no definite laws 
and cannot be predicted, that estimates of flow based on such calculations 
must be very unsatisfactory and are frequently the source of much 
inconvenience and sometimes of serious money loss. 

Owing to the recent developments in the electrical transmission of 
power and the growing tendency to bring the cotton-mill to the cotton 
instead of carrying the cotton to the mill, together with the growth of 
other manufacturing interests, waterpowers which have heretofore been 
of little commercial value have become valuable, for, generally speaking, 
waterpower is much cheaper than steam-power. Thus the numerous 
waterpowers of the South Atlantic states have come into prominence 
and information concerning them has been eagerly sought. 

Realizing the need of more accurate knowledge of this very valuable 
source of wealth, in the autumn of 1895 the Geological Survey, in co-op- 
eration with the U. S. Geological Surv'cy, began the investigation of 
the flow of streams as recorded in the following pages. To this end 
regular gauging stations have been established as follows: On the Pan 
and Staunton rivers at Clarksville, Va., and on thb Roanoke at the 
crossing of the Norfolk and Carolina railroad near ]^eals in North 
Carolina; on the Tar at Tarboro, X. C; on the Cape Fear at Fayette- 
ville, and on the Deep and Haw rivers at Moncurc, N. C. ; on the Yadkin 
at the Southern railroad crossing near Salisbury' and at Blalock's ferry, 
a short distance from Norwood; on the Catawba at Catawba, X. C, and 
at the crossing of the Southern railroad betw^een Fort Mill and Rock 
Hill, S. C; on the Broad near Blacksburg, S. C, and at Alston, S. C; 
on the Saluda river at the crossing of the P. R. & W. C. R. E. 
near Waterloo, S. C; on the French Broad river at Ashcville, X. C; 
on the Tuckaseegee river at Bryson City, N. C. ; on the Little Tennessee 
river at Judson, N. C, and on the Iliwassee river at Murphy, N. C. 

Thus it is seen that from one to two pnififine: stations have been estab- 
lished on everv main stream in North and South Carolina where there is 
any possibility of waterpower development. Stations have not been 
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located on the tributary streams for the reason that such stations would 
be of only local utility, and the data gained from the station on the 
main stream can be applied to solve the problem of the flow from each 
one of its tributaries. 

In order that accurate results may be obtained at any station certain 
conditions must be filled. The course of the river must be straight for 
some distance above and below the point where it is proposed to make 
the gauging; the current velocity should be neither too great nor too 
small, as in neither case does the meter give its best results, and this 
velocitv should be well distributed across the stream, which should be 
of moderate depth, flowing over a smooth bottom that is permanent 
and not subject to change of form through high water or other means, 
so that the relation between the gauge height and the area of the cross- 
section may be constant, and the banks should be of such height as to 
keep the river between them even during floods. When it is desired to 
establish a station on any stream, search is made for some locality which 
fulfills the requirements noted above, and is, in addition, so located as 
to be easily accessible, preferably where some bridge crosses the stream 
at right angles to its course, or at some ferry. When such a place is 
found, a permanent gauge is set up, an observer employed to take daily 
readings of the stage of the water-surface and the series of instrumental 
gaugings is begun. 

The gauges which have been installed are of two classes, both consist- 
ing primarily of a strip of wood, painted white and graduated into feet 
and tenths and sufiiciently long to measure the height of the extreme 
flood volume of the stream. In one form of the gauge this rod is 
securely spiked or bolted in a vertical position to the side of a bridge- 
pier or similar object so that it cannot be carried away by the water, 
and so that its lower end will be constantly immersed in the water. The 
gauge height is then read directly from the position of the water-surface 
on the rod. In the other form of gauge the rod is nailed or screwed in 
a horizontal position to the railing or guard rail of a bridge. A short 
distance from the end of the rod and in the same horizontal line is 
fastened a small pulley, and through this runs a flexible wire rope carry- 
ing a weight of from 3 to 5 poimds at its end. At an appropriate dis- 
tance from the lower end of this weight there is fastened to the wire 
rope a small pointer of brass or copper wire. When it is desired to 
take a reading of the water-level, the weight is lowered by means of 
the wire rope imtil the lower end is seen to just touch the surface of the 
water and the place on the. rod indicated by the pointer is noted. This 
will then be the gauge-reading, and this may be estimated to a hun- 
dredth of a foot with ease and accuracv. 
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These gauge rods are referred to bench marks well out of the reach 
of the highest floods, so that they may be replaced when they are torn 
out, as they are sure to be. 

METHOD OF GAUGIKG THE ELO^JT Ol" SmOJLJfll. 

In measuring the flow of a stream it is to be remembered that the 
flow varies from time to time. The measurement made on any given 
day while the river keeps a steady flow for an hour or two is good only 
for that day and hour and for times when the river is at the same stage. 
A small rise in the stream is accompanied by a large increase in the 
flow, and a small fall by a large decrease in the flow. To ascertain the 
flow during a considerable period of the time and thus obtain an average 
for varying stages, two distinct classes of measurements are necessary: 
First, the amount of flow corresponding to each and every stage; second, 
a continuous record of the rise and fall. The method by which this last 
is secured has just been given. 

There are four methods of gauging the flow of a stream: By weirs; by 
floats; by formula; by meters. 

Weirs are practicable and economical only in the case of small 
streams at low water, and in such case the system is preferable to all 
others. 

Gauging by floats is the crudest and most unreliable of all methods. 
Tt consists in throwing floating objects into the water and noting the 
length of time occupied by the float in moving through a measured dis- 
tance down the stream. The distance divided by the time is the mean 
velocity of the motion of the float. But this velocity of the float is not 
the velocity of the stream, which varies at different points in the width 
and at different depths. As a rough-and-ready rule, the mean velocity 
of the stream is taken as about four-fifths of the velocity of the float. 
This is no doubt a fair approximation when the cross-section of the 
stream is symmetrical, the current smooth, regular, and free from eddies, 
and its course free from obstructions. But in small or medium-sized 
rivers such conditions are rare, and the whole method of measuring is 
liable to great uncertainty and is impracticable in large rivers. 

Gauging by formula is based on the assumption that, with a given 
cross-section, the mean velocity of the flow bears a certain relation to 
the declivitv down which the wajer flows. This raav be obtained with 
the spirit-level, but this method is of very limited utility. 

GAUGING WITH THE CURRENT METER. 

Gauging by a current meter is the most satisfactory and complete 
method of all. A cuiTent meter is a mechanical contrivance so arranged 
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that by lowering it into a stream the velocity of the current at any point 
below the surface can be obtained with accuracy by a direct reading 
of the number of revolutions of a wheel made to revolve by the force 
of the current, and a comparison of this with a table of corresponding 
velocities. A great many forms of current meters have been designed 
and used, the three general classes being the direct recording meter, in 
which the number of revolutions is indicated directly on a series of 
small gear-wheels driven by a cog-wheel connected with the revolving 
head of the meter; the electric meter, in which the counting is done by 
a simple make-and-break circuit, the registering device being placed at 
any convenient distance from the meter; and the acoustic meter, in 
which the counting is done by hearing through an ear-tube the clicks 
made by the revolution of a wheel and counting the same. The elec- 
tric meter is the form of meter most used by the Geological Survey, and 
it has been found that results of a high degree of accuracy may be ob- 
tained by the careful use of this instrument. The velocity at any depth 
is readily obtained, and hence the problem of finding the mean velocity 
in toy vertical is made a very simple one. 

The method of making the gauging is as follows: 

The width of the stream from bank to bank at the water-surface is 
accurately measured, and at regular intervals of 10 or 20 feet in the 
case of large streams, of 5 feet for smaller ones, soundings are taken by 
means of a heavy weight and line to determine the depth. 

At each of these places where the soundings are taken the meter is nm 
to determine the velocity in that vertical plane. This mean velocity is 
found in one of several ways. 

In streams having a depth of 5 feet or less it has been customary to 
take observations at a distance below the surface sufficient to immerse 
the meter approximately 0.5 of a foot, and at a distance above the 
bottom sufficient to allow the wheel to turn freely. With meters hav- 
ing large lead weights, the center of the wheel is usually about 0.8 
foot above the bottom. The average of the velocities thus determined 
is thus assumed to represent the average velocity at this portion of the 
river. In deeper rivers the attempt is usually made to determine the 
velocity at points near the surface and at intervals of about 5 feet to 
the bottom, the mean velocity being obtained by averaging these. 

It has also been ascertained that the velocity at a depth down from 
the surface, equal to 0.6 of the total depth, represents very accurately 
the true mean velocity in that vertical. The mid-depth velocity may 
be gotten and 98 per cent, of it be used as the mean. 

Taking, therefore, the average velocity in the vertical plane as ob- 
tained in either of these ways, this is assumed to represent the average 
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velocity of the stream for a distance on either side of the point of obse^ 
vation equal to half the distance to the points of observation on either 
side. 

The mean depth in any sub-section is taken, in the case of a broad, 
smooth channel, as the depth where the meter is run, or as an average 
obtained by adding to the depth of the water half-way to the point of 
observation on either side, twice the depth at the point where the meter 
is run and dividing the sum by four. This mean depth in feet, multi- 
plied by the width of the sub-section in feet, gives the area of the sub- 
section in square feet The area multiplied by the velocity in feet per 
second gives the discharge of the sub-section in cubic feet per second, 
and the sum of the discharges of the sub-sections is the discharge of 
the river. 

THE BATING CUBVE. 

Since in the eastern United States these gaugings are primarily to aid 
in planning waterpower development in the future by furnishing accu- 
rate knowledge of the flow of the streams, the low stages of the water are 
carefully watched and accurately gauged. High-flood measurements are 
taken where possible, the object of the gaugings being the construction 
of a station rating-table or series of tables showing the relation between 
the gauge height of the river and the discharge at any time. In order 
to do this it is of course necessary to obtain the discharge at various stages 
of water covering the ordinary range of fluctuation. This is a com- 
paratively simple matter if the channel does not change. The simplest 
method of procedure in constmcting a rating-table is to plot on rec- 
tangularly-ruled paper each point representing the gauge height and 
discharge for a given measurement, the vertical distance from the bottom 
line being taken to represent the height of the water at the time the 
measurement was taken, and the distance from left to right the discharge 
in cubic feet per second. If there are a half dozen or more of these 
points well distributed according to height of water, it will usually be 
found that they will lie approximately in the path of a parabolic curve. 
This curve can be sketched through or near the points, the hydrographer, 
from his intimate knowledge, giving greater weight to some points 
than others, and this cune will then show the relation of gauge height 
to discharge for the period under consideration. 

The ratinir-table is the numerical expression for the curv'e above 
de?crilK'd. In order to make this table it is simply necessary to read off 
the ficnires from the drawing, starting with the lowest value in the 
]f,\vfv left-hand comer of the drawing. To do this the lowest hori- 
zontal line representing a tenth of a foot is followed from left to right 
until it intersects the curve. The value represented by this distance 
is s^'t opposite the tenth of foot taken. The line representing the next 
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higher tenth of a foot is again followed out, and its length from the 
margin at the left to the curve on the right is also obtained and so on, 
setting opposite each tenth of a foot the corresponding value of the dis- 
charge. When a table has been prepared in this way it wiU be found 
that there is an increasing value for the discharge, and that the differ- 
ence between the values is also constantly increasing. Owing, how- 
ever, to the small scale on which such a sketch is necessarily made, the 
figures read off from the drawing do not always have this constantly 
increasing value, some being too large, others proportionally too small. 
In order, therefore, to smooth out this curve it is convenient to set off 
between the lines of the rating-table the difference in quantities of 
discharge, making a third column. On running the eye down this 
column, several points are quickly detected where the differences are 
not regular. It will be seen that a slight adjustment of the differences 
and the addition or subtraction of a small amoimt from the figures 
of discharge will smooth out these irregularities. This should be made, 
and as a check upon the accuracy of the work the resulting figures should 
be plotted on the original drawing to determine by inspection that the 
rating-table as finally adjusted is accordant with the original observa- 
tions. This method of graphic construction avoids difficulties and lia- 
bility to blunder in the use of the higher mathematics, and its accuracy 
is well within that of the original data (see fig. 29, p. 310, for an 
example of this method of construction). 

The question now arises for how long a period 'will this rating-table 
be true, or its value3 fall within the limits of allowable error? Every 
river is constantly modifying its channel to some extent, alternately cut- 
ting it away and filling it in to suit the ever-varying conditions of 
velocity. The station is, in the first instance, so located that this action 
will be a minimum, but usually there is an appreciable change, espec- 
ially during or after a fiood or a protracted period of low water. 

The rating curve is founded as far as possible on measurements under 
all the varying conditions of depth of water, and is in itself of the 
nature of an average of these conditions. Thus it is evident for any 
height of water for a particular stage of the river the discharge, as given 
by the rating-table, may not be as accurate as the result of a careful 
gauging made on that day, but the value given by the rating-table should 
be an average value of the discharge for that particular height, whether 
the river is rising, falling or stationary. In other words, it is assumed 
for a given height of water the discharge may vary between certain 
limits, dependent upon circumstances such as the amount of silt carried, 
condition of channel above and below, and other modifying conditions, 
and the rating-tables cannot be expected to discriminate betw^een these 
conditions but must represent the average between them. 
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In this connection it may be interesting to note the following laws 
governing the flow of water in river channels which were deduced by 
Humphreys and Abbott in their experiments on the Mississippi river, 
and which, paradoxical as they may appear, are in perfect accordance 
with the laws governing flowing water. (See page 324, Physics and 
Hydraulics of the Mississippi river.) 

1. For any given level there is much more water passing when the river 
is rising than when it is falling. 

2. At any given gauge reading, there is usually more water passing in a 
long and rapid than in a short and slow rise; but this is not always the case, 
the discharge being governed by the relative stage of the water in the channel 
above and below. 

3. The maximum discharge, in any normal rise, occurs when the river has 
reached a point a few inches below the highest point attained. 

4. If, when a freshet has culminated, and the water either comes to a stand 
or begins to fall, a second rise occurs, it will cause the surface to rise con- 
siderably higher than would have been the case had the same volume passed 
without a previous diminution of supply. 

It is therefore to be borne in mind that the maximum discharges of two 
floods are not necessarily proportional to the relative water-levels attained 
by them. Under some circumstances the lesser discharge may cause the 
higher water-mark. 

CALCULATION OP POWER. 

From such a table the flow corresponding to any given gauge height 
may be easily taken out. The flow of the stream may then be calcu- 
lated as follows: 

In the tables of mean daily gauge heights the values of the discharge 
as taken from the rating-table are set opposite the several gauge heights. 
The mean flow for the month in cubic feet per second is then found by 
dividing the sum of all the daily discharges by the number of days in 
the month. The terms " maximum " and '^ minimum " discharge ex- 
plain themselves. It may be well to note, however, that these quan- 
tities are daily averages, and that it may be possible that at some time 
during the day very much more or considerably less water was passing 
than is shown in the tables. 

From the flows as thus determined it is a matter of simple multipli- 
cation to determine the total theoretical horsepower per foot fall at the 
station where the gaugings are made. A theoretical hoi-sepower is an 
energy of 33,000 foot-pounds per minute, or of 550 foot-pounds per 
second. A cubic foot of river water may be taken to weigh 62.45 
pounds. As an example of the calculation of the power from the flow, 
suppose a stream is discovered to discharge 100 cubic feet per second. 
This quantity, multiplied by 62.45, gives the total weight of water 
passing the section everv^ second, and this total weight divided by 550, 
the foot-pounds of energy per second necessary to give one horsepower, 
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gives 11.35, the theoretical horsepower of the stream per foot of fall. 
In practice this process may be somewhat shortened by multiplying the 
quantity of water in cubic feet per second by 0.1135, which will give 
the theoretical horsepower direct. The actual horsepower which can be 
obtained will range from 70 to 84 per cent, of the theoretical, according 
to the efficiency of the motor employed. This may be obtained approxi- 
mately by multiplying the discharge in cubic feet per second by 0.087, 
corresponding to an efficiency of 77 per cent in the motor. 

The approximate theoretical power at other points on the same stream 
may be estimated by a simple comparison of the areas draining past the 
places, it being assumed that all the area has an equal rate of flow per 
square mile and that, therefore, the power at any two points on the 
stream is simply proportional to the areas drained past the points. 
Strictly speaking this is not true, since the discharge per square mile 
from any drainage area increases as the head of the stream is approached, 
but the law of the increase is not well known. Any error thus intro- 
duced will, however, be on the side of safety, giving the discharge as 
flmaller than it should be. 

. THE AVSRAOE PIiOW OF A STBEAM. 

At first sight it would seem that, knowing the daily discharges of a 
stream throughout the year, the question of its average flow would be 
an easy one to answer, but it is soon seen that a variety of answers may 
be given. By an examination of the discharge diagrams given in this 
report (pp. 289 to 334), it will be seen that the streams fluctuate so widely 
in the amounts of water flowing in them from day to day or from year 
to year that they cannot be said to flow with anything like regularity for 
any appreciable length of time, except during sunmier droughts, when 
for a time the stream gradually sinks lower and lower or maintains its 
flow within small limits for a considerable period. An average flow for 
such a period may be readily obtained, but it will not be applicable for 
the whole year, though such an average is unquestionably of value in 
determining the waterpower of a stream. 

In the computations of the discharge given further on, the mean flow 
has been estimated by months and from this by years, but this does not 
fulfil the conception of average flow since it includes flood gaugings 
and is notably increased thereby. 

An arbitrary method has been suggested by Mr. Leslie ' for computing 
the '^ average summer discharge " or " ordinary " flow of a stream from 
the daily gaugings, as follows: 

» Minutes of Proceedintfs of the Institution of Civil Engineers, vol. x, p. 387, quoted by Fan- 
ning, Water Supply and Hydraulic Bnginetring-, 9th ed., p. 80. 
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" Eange the discharges as observed daily in the order of their mag- 
nitude. 

" Divide the list thus obtained into an upper quarter, a middle half 
and a lower quarter. 

" The discharges in the upper quarter of the list are to be considered 
as floods, and in the lower quarter as minimum flows. 

" For each of the gaugings exceeding the average of the middle half, 
including flood gaugings, substitute the average of the middle half of 
the list, and take the mean of the whole list, as thus modified, for the 
ordinary or average discharge, exclusive of flood water s.^^ 

Fanning notes that this rule applied to the discharge of several Xew 
England streams gave results varying from one-fourth to one-third of 
the mean flow, including floods. 

This rule was applied to the daily discharges of the Yadkin river at 
JSTorwood, X. C, for 1898, giving as the average flow, excluding floods, 
3,937 cubic feet per second, while the mean flow for the year, including 
floods, was 5,432 cubic feet per second. It will be noted, however, that 
during this year the floods on this stream were relatively infrequent and 
generally small in volume. 

VALUE OF THESE MEA8UEEMENTS. 

While measurements of this sort extending over only a short period 
are of value, it is obvious that the value increases vastly as the time 
over which they extend is increased, since in the longer period there 
is the greater probability that the extremes of the conditions producing 
variations in the flow will be met with, that the abnormal years and 
seasons will occur as well as the normal vears and seasons, and that thus 
a more accurate knowledge of the flow under all the conditions which 
effect it ^\dll be obtained. 

The stages of flow of most interest to those who have to do with 
waterpower are the minimum flow, or that quantity which is perma- 
nently available even durinp: the most severe and long-con timie<l 
droughts; and that stage of flow which may be called the low season 
flow of dry years, and which can be depended on at all times save on a 
few days in the drvost seasons of the drvcst years when the flow i? 
approaching its absolute minimum (see pp. 54 to 58). These low stages of 
flow are only maintained for short periods of time, but they represent 
the power which cnn ])e depended upon as limited above, and it be 
comes a question to be solved by economical considerations whether anv 
ronstriiction shall be planned requiring more power than these stages of 
flow will yi(»]<l. If part of the machinery can economically remain idle 
for a part of the time, then such a development can be made, otherwisf 
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auxiliary steam or electrical power must be secured to supply the de- 
ficiency during the dry seasons. 

In general, the knowledge of these stages of flow cannot be obtained 
by a short eeries of observations, but it seems that these measurements 
were begun in the South Atlantic states at a time very favorable for 
obtaining these stages of flow or certainly a very close approximation 
to them. 

THE DBOUaHT OF 1897. 

The flow of a stream is primarily dependent on the precipitation on 
the drainage basin, but the year of minimum rainfall is not necessarily 
the year when the streams will attain their lowest stages of flow. Varia- 
bility of flow depends largely on the distribution of the rainfall through- 
out the year. The average yearly flow will be least in the year when 
least rain falls, but the average flow for a period of from one to three 
months in the year when the rainfall is near or even a little above the 
noimal may be less than for any similar period in the year of minimum 
rainfall. A period of several months may occur when the evaporation 
is large, the quantity of water absorbed by vegetation is large also, the 
sub-surface supply which tends to regulate the flow of the stream has 
been drawn down in previous periods of drought, and very little rain 
falls, then, in such a period as this, the streams will attain a very low 
stage of flow only possible when some such series of circumstances all 
act together to this end. When, in addition to this, the year when such 
a condition occurs is also the year of minimum rainfall, then the 
streams in the region thus affected will attain the lowest possible stage 
of flow. It was this condition that existed in Xorth Carolina and for 
the Southern states generally during 1897. 

For the entire South Atlantic states the period from 1894 to 1897 
inclusive was a period of less than the average rainfall, the deficiency 
for the area for 1896 alone amounting to 10.7 inches, and for the period 
of 11 years, from 1887 to 1897 inclusive, eight of these years have been 
years of less than normal precipitation, the deficiency varying from 10.7 
inches to 1.5 inches, the greatest excess over the normal being only 2 
inches in 1889.* 

In Xorth Carolina since 1891 there has been an annual deficiencv 
in precipitation, only one year, 1895, showing an amount above the 
normal, and, according to the testimony of numerous persons, during all 
this time the level of the underground waters as shown by wells and 
springs, was gradually sinking, reaching in September and October of 
1807 the lowest point certainly in a quarter of a century. 

» null. n.. V. 8. Dept. Aiarr. Weather Bureau, p. 9. 
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STREAM MEASUBBMENTS. 



The drought beginning in August, 1897, was the most severe in the 
history of the state, and caused the lowest stages of the rivers ever 
known. For the month of September the precipitation was the next 
smallest on record for that month, amoimting to an average of 1.47/ 
inches for the entire state. 

During the month of October, 1897, many of the rivers attained a 
stage of flow even lower than in September, for the very dry period 
was not broken till the last half of the month, and the demands of the 
vegetation and evaporation being greater than the supply, and the sub- 
surface water-level ha\ang been drawn down, the rivers continued to 
fall. The following table, giving the monthly average precipitations at 
all stations in Xorth Carolina, shows that the rainfall in this state for 
1897 was less than the normal by 5.91 inches, and that this year was 
the dryest year with one exception, 1872, in all the time covered by 
the records of the Weather Bureau, a period of over 26 years. Thus 
all the conditions for a period of minimum stream-flow were fulfilled, 
and it seems improbable that the flow will ever fall very much lower 
than in this year. 

Pkecipitation in North Carolina. 
Monthly averages for entire area. 



Jan. 



1872. 
1873. 

1874. 

1876. 

1876. 
1877. 

1878. 
1879. 

1880. 

1881. 
188-i. 
1883. 

1884. 

1885 
1886. 



1. 
4. 



96 
99 



Feb. 



4.49 



4. 

1. 
3. 

6. 
4. 

2. 



81 
72 
97 

32 
63 

59 



4.76 
V.08 



4.65 
7.r>u 

7.82 



5. flu 



4.99 

4.93 
3.70 
1.91 

3.09 
3.68 

3.23 

4.15 
4.54 
8.44 



Mar. 



4. 43 

2.87 

4.S0 

7.20 
5.20 
6.29 

2.23 

3.80 

6.63 

4.81 
5.41 
5. 16 



Apr. 



May 



2.42 
1.76 

7^96 

~4.7r 

3.09 
6.91 

5.05 
3.71 

3.91 

4.39 
3.97 
699 



8.82 
7.11 



5.66 8. .50 3.31 



5. 
4. 



78 
45 



1887 |. 3.30 



3.79 
2.31 



2.M 
5.46 



i 2.28 
3.08 



3.58 

2.52 

4.28 
2.56 

4.92 
3.48 

2^03 

2.:i4 
3.29 
8.a5 



o 7r 
••• to 



6.61 
5.15 



June 


July 


Aug. 


Sept. 


Oct. 


Nov. 


4.23 i 4.0^ 
3.60 . 4.55 


6.40 
7.14 


8.29 
4.87 


8.86 
8.11 


2.78 
8.70 i 


4.09 ; 6 11 


6.78 


6.68 


1.68 8.30 


4.?9 
5.80 

4.84 


5.84 
4.95 
6.-52 


7.45 
5.44 
5.37 


3.64 

8.a5 

10.13 


8.18 
3.37 
6.55 


8.96 ! 
2.67 
5. .53 



Dec. Year. 



4.65 
3.49 



4.S.56 
55.flS 



2.83 54.64 



4.09 
2.14 

'3.56 

4.10 
2.87 
8.74 



3.57 
5.70 

6.49 

4.65 
5.34 
3.12 



6. 66 5.93 



4.04 
7.20 



3.92 3.22 2.84 



1888. 

1889. 

1890. 

1891. 
1892. 

1883. 
1894. 

1896. 

1896. 

1897. 

1H98. 



Normals 



4.16 

5.26 

1.4j 

4.00 
0.05 

2.91 
3.91 

6.41 

2.79 

2.30 
2.63 



4.25 

3.72 

4.20 

5.70 
3.a5 

5.41 

4.82 

O AO 

5.64 

5.90 
1.03 



6.33 

2.89 

3.40 

7.70 
3.30 

2.31 
2.a5 

5^27 

2.59 

5.56 
4.02 



1.74 

2.75 

2.37 
3.98 

2.. 53 
1.75 

7. a') 

1.99 

3.68 
3.70 



4.45 i.02 



7.04 

4. 02 

4.79 

5..3H 
3.57 

5.57 
4.00 

4.&3 

4.28 

3.73 
3.09 



r I 



3.11 
5.91 
2.83 
3.09 
0.68 

5.74 
2.02 

3.53 

5.36 

3.99 
3.41 



4.03 
7.41 

6.13 

3.26 

7.73 

7.19 

0.75 
5.73 

4.01 
0.07 

5.25 
^.19^ 

0.98 



8.56 
7.52 

7.96 

2.91 
5.98 
3.i5 

3.90 

4.08 
0.80 

9.39 

4.60 

5.55 

0.36 

8.23 
3.84 

7.13 
6.13 

5.50 

2.31 



3.41 
7.94 



4.35 i 4.21 I 4.56 3.77 4.21 4.37 5. .58 ! 5.85 4.41 3.67 



4. 00 
3.. 57 

8.53 

3.57 
6.45 
7.25 

2.04 

3.49 
2.28 

2.11 

9.06 
4.04 

2.11 
3.48 

5.61 
4.77 

1.25 

5.31 

1.47 
4.24 



5.36 
3.65 

3.62 

3.86 
4.60 
3.21 



3.46 
3.31 

4.36 
2.74 
2.60 



4.40 
3.. 53 
5.30 

6.23 
4.58 

8. 98 

4.88 
3.81 



0.81 I 8.08 6. 



• t 



6.05 
0.84 

6J2 

4.64 
2.48 
4.29 

2.66 

0^59 

6.54 
5.50 

1.86 

1.90 

0.99 
0.42 



4.32 

3.00 

1.29 

8.38 

4.31 

0.36 

3.07 
3.66 

2.77 
1.42 

3.16 

4.67 

2.89 
3.24 



4.15 
3.86 



56.31 

52.10 

64.^ 

56.88 
49.67 

54.28 

4ti.l7 
:)5.5i) 
56.(» 

54.31 

51.91 
51. M 



4.711 52.09 



3.36 
0.59 



3.59 

2.34 

2.81 

3.13 
3.53 

3.41 

2.51 

3.67 
2.74 



46.49 
54.55 
47.(4 

.52. »« 
46.57 

51). St 

47.34 

40.19 

5ii.m 



3.82 3.8U 5210 



» Climate and Cropw, L'. S. Dept. Aj?r., X. C. Section, 1897. p. 3. 
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The dryest month of which there is any record was November, 1890, 
when the precipitation for the entire state was only 0.35 inch, and the 
rainfall for this year was but very little more than fell in 1897, but 
the years that preceded were years of more than average rainfall, and 
so the underground supply had been kept up and was ready to be 
dra^Ti upon to maintain the flow of the streams at about the normal 
low-water flow. 

This table also shows the amount and the distribution of the rainfall 
in North Carolina. It is seen that the precipitation is large in amount, 
well distributed throughout the year, the dryest months occurring in 
October and November, and that periods of drought are rare and of short 
duration. Since the rainfall is large, we are led to expect a large annual 
flow in the streams, and since the dryest periods faU at a time when the 
demands ef plant life and of evaporation are still great, we are led to 
expect a variable flow and such is the case, all the rivers in North Caro- 
lina on which there is any waterpower being subject to periods of low 
flow and to violent freshets. Anv hvdraulic construction on anv of 
these streams needs be as firmly founded as the hills themselves, else 
some day its ruins will go dashing along toward the ocean on the crest 
of some flood wave. 



CHAPTER XV. 

RESULTS OF STREAM MEASUREMENTS/ 

UNITS OF MEASUBEMEIIT. 

The results of the stream measurements shown in the following 
pages are expressed in second-feet, this having been found to be the 
most convenient unit in which to express the discharge of rivers. A 
second-foot of water may be defined as a stream of one foot wide and 
one foot deep, flowing with a velocity of one foot per second. 

The unit of quantity or of capacity employed is the acre-foot, equiva- 
lent to that quantity of water which, if spread out over an area of one 
acre, would cover it to a depth of one foot. This is equal to 43,560 
cubic feet. There is a convenient connection between these units. One 
second-foot flowing for 24 hours will deliver 86,400 cubic feet of water, 
equivalent to nearly 2 acre-feet (more exactly, 1.983471 acre-feet). 
Many engineers are still inclined to use the million gallons as the unit 
of storage, as this is well fixed in computations relating to municipal 
supply. For convenience, it may be stated that one acre-foot equals 
325,851.45 gallons, or a little less than a third of a million gallons. 

In the following tables the maximum, minimum and mean quantity in 
the streams each month are given in second-feet and the total discharge in 
acre-feet. To obtain this total for the month in acre-feet it is the usual 
practice to multiply the mean daily discharge in second-feet by a factor 
which is the product obtained by dividing the number of seconds in 
each month by the number of square feet in an acre. For a month cu- 
taining 31 days this factor is 61.49; for a month of 30 days it is 59.50: 
for a month of 29 davs it is 57.52; and for a month of 28 davs it is 
00. o4. 

The depth of nm-off over the whole basin is also given for each 
month in inches for convenience of comparison with the rainfall, and 
also in cubic feet per second for every square mile of drainage area. 
The former is obtained by multiplying the acre-feet per month bv 12 
to obtain acre-inches and dividing this by 640, the nimiber of acres in a 
«quare mile and also by the number of square miles in the drainage 
basin. The run-oflF in second-feet per square mile is simply the mean 

*ny E. W. Myers. 
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monthly discharge divided by the total area of the basin in square miles, 
the whole area being assumed to discharge at a uniform rate. The mean 
discharge for the year is taken to be the average of all the mean monthly 
discharges, and the total quantity of run-oflF is the sum of the monthly 
nin-offs. 

CXiASKSVTLLE STATION, OK THE DAN AND STAUNTON BIVEBS. 

At Clarksville, Virginia, the Dan and Staunton rivers unite, forming 
the Roanoke. The Southern railway bridge crosses the river about 
one thousand feet above the junction, the sections being suitable for 
measurement at both points. 

About four miles above the junction of the Dan and Staunton rivers 
is a cut-off, apparently occupying an old channel, diverting water from 
the Dan to the Staunton. At its mouth is a shoal or riffle about 70 feet 
long, the water being on December 4, 1895, about one foot deep and 
having an estimated velocity of approximately 3 feet per second, giving 
a total discharge from the Dan to the Staunton of 200 second-feet. The 
average width of the water surface in the channel was 150 feet. The 
total fall between the two rivers was estimated to be approximately 2 
feet, this being principally at the riffle at the mouth of the channel. 
The total length of the channel was about 1000 feet. This cut-off, by 
carrying water from the Dan, vitiates the separate computations of dis- 
charge made, but does not affect the total discharge for the Roanoke. 

Gauging stations were established on the Dan and Staunton rivers at 
Clarksville on October 28, 1895. On Dan river the gauge is fastened 
to the inside of the guard-rail of the fourth panel of the third span west 
of the Southern railroad bridge. The distance from the zero of the 
rod to the outside of the pulley-wheel is 3 feet; the length of the wire 
rope is 33.17 feet. The waterpower of Dan river has been developed 
to a considerable extent at Danville. An examination at points above 
showed that the dams at Danville pond the water, and, as a result, modify 
the natural characteristics of the stream. 

The gauge on the Staunton river is fastened to the inside of the guard- 
rail of the fourth panel of the third span from the west. The distance 
from the zero of the rod to the outer rim of the pulley-wheel is 3 feet; 
the length of the wire gauge is 33 feet; the distance of the top and upper 
end of the third floor beam of the second span from the west from the 
water surface was 27.15 feet when the gauge height was 0.25 foot. 
The distance from the east abutment of the Dan river bridge to the 
west abutment of the Staunton river bridge is 165 feet. The tables of 
daily gauge heights for these stations will be found in Water Supply 
and Irrigation Papers Nos. 11 and 15, published by the U. S. Geological 
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RESULTS OF STBEAM MEASUREMENTS. 



List of Discharge MEASUKEMENTtt made on Dan river at CLARKSYiLf^R, Virgima. 



No. Date. 



1 
2 
8 



4 

5» 
6 

7 



8 

9 

10 



U 



1896. 

Oct. 
Oct. 
Dec. 

1896. 

Apr. 
May 
July 
Sept. 

1897 

Feb. 
Mcb. 
Sept. 

1896 

Jan. 



Hydrographer. 



Mf^ter 
No. 



2 C.C.Babb 29 

28 ....do 29 

5 ....do 62 

■ 

22 E.W.Myera 21 

28 ....do 21 

15 ....do 21 

16 A.P.Davis 68 

m 

35 E.W.Myera 2154 

18 ....do 2154 

29 ....do 2154 

I 

I 

8. E. W.Myers 2164 

I 



Gauge 
height 
(feet). 



0.38 
it.66 
1.12 



1.90 



4 I 



1. 

2.97 
1.17 



12.aK 
4.20 
0.10 



1.05 



Area of 
section 

(square 
feet). 



591 
719 

866 



1,209 

1.465 

1,982 

958 



7,443 

2.867 
797 



1438 



(feet per 
secood). 



1.31 
1.44 
1.60 



1.89 
1.47 
2.30 
1.50 



3.49 
2.70 
1.07 



1.76 



(seooDd- 

feet). 



773 

i,ice 

IJXS* 



2,291 
2.155 
4,636 
1,433 



36.015 

7,T56 

856 



2.008 



Ratixg-Table for Dan river at Clarksyili^e. Virginia, roR 1896. 



Gauge 
height. 


Discharge. 
Sec. feet. 


Gauge 
height. 

Feet. 


Discharge. , 

1 

Sec. feet. 


Gauge 
height. 

Feet. 


Discharge. 


Gauge 
height. 

Feet. 


Discharge. 


Feet. 


Sec. feet. 


Sec. feet. 


0.00 


590 


3.20 


4,800 


6.20 


13,650 


9.40 


2i;ffi0 


0.20 


700 


3.40 


5,250 


6.40 


13,300 


9.60 


21,900 


0.40 


825 


3.60 


5,725 1 


6.60 


18,750 


9.80 


22,480 


0.60 


965 


8.80 


6,225 


6.80 


14,800 


10.00 


28,000 


O.RO 


1,115 


4.00 


6,735 


7.00 


14,800 


10.20 


3S^ 


1.00 


1,280 


4.20 


7,225 


7.30 


15,850 


10.40 


94.100 


1.20 


1,450 


4.40 


7,725 


7.40 


16,900 


10.60 


34,690 


1.40 


1,645 


4.60 


8,250 


7.60 


16.450 


10.80 


2&J0O 


1.60 


1,880 


4.80 


8.800 


7.80 


17.000 


11.00 


35.750 


1.80 


2.130 


5.00 


9.250 


8.00 


17.550 


11.20 


26.3U0 


2.00 


2,425 


5.20 


9,800 


8.30 


18.100 


11.40 


26.850 


2.20 


2.?i5 


5.40 


io,:«o 


8.40 


18,660 


11.60 


37.4(1) 


2.40 


3,075 


5.60 


10,900 


8.60 


19,300 


11.80 


27.W) 


2.60 


3,525 


5.8() 


11,450 


H.80 


19,750 


12.00 


28,.W 


2.80 


.3,925 


6.00 


12,100 


9.00 


20.300 


12.30 


29,U») 


3.00 


4,.350 


• • • 




9.20 


20,800 







Estimated Monthly Discharge of Dan hivek at Ci.AHK8Viiii.E, Virginia. 

[Drainage area, :^798 square miles.1 



Discharge in second-feet. 



Month. 



I Maxi- 

I mum- 



18116. I 

February 20.1rt:j 

March 17,245 

April 24.017 

May 7,«50 

June r»,wio 

July 2;5j 0Q() 

August 2,«>5 

September 10,542 

October 20.21H 

November U.^ttO 

December 8.KV> 



33,000 



Mini- 
mum. 



2.()R1 
2.2:^1 
2.091 
1,255 
l,2.->5 
1,131 
««> 
«25 
1,1.31 
1,251 
1,4«9 

825 



Mean. 



5,070 
4,«% 

4«« I 4 

2,715 
2,145 

4,H0O 
1,204 

i,:rr3 
i,sr)« 

2.2»X) 

2.:*J5 



Total in 
acre- feet. 



2W1,«2« 

:)03,45:^ 

2H4,231 
1««,1>40 
127,«38 
295,152 
74,034 
81,«W 
114,125 
1.34,470 
145.424 



3.050 2,018.784 



Run-ofT. 



Depth in 
inches. 



1.48 
1.5:^ 
1.44 
0.84 
0.64 
1.49 
0.37 
0.41 
0.58 
0.68 
0.72 

10.18 



j Second-feet 
I pers<iusre 
mile. 



1.37 

i.;« 

1.29 
0.7< 
0.iS8 
1.29 

o.je 
o.:n 

0..V 
0.61 
0.63 



0.82 



^For measurement No. 5 channel bad cut out badiv, averaging almost all way across a cut 
of 1 foot. 'Estimated. 



OLASSSVtLLE STATION, OS THE DAIT Aim BTAUirtOIf BtVEBS. 



RATtHa~TA6» P 



Ditcbarse. 


hel>bt. 




Feet. 1 







































































































tjaa 
3jm 











asffi. 


DiMbarte. 


»; 




Bee. Feet, 






e,TM 








































































































« 





















DiiobaTge In leooDil-reet. 



lan. I 

Jaoutrj 7,3«' 

February T.JM ■ 

Harcb lO.lw 

Aprtl :.»« ; 

>ur w.oM I 

June 3.in5 i 

July a.aii . 

Aumilt IJEO I 

September "no ' 

October 4.l«e 

Noirembcr.. lO^ffiO , 

December '-"^.L 

The vpar^...^ .^. i7.0M 



:jss^.. 


Depth In 


8eoon<l-fe« 


IST.TIS 


078 


0.118 
































































0,iW 




«.i8a.»i 


10. w 


n.m 



1 
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BE8ULTS OF STBEAM MEA8UBEMEXT8. 



List of Discharge Measurements made on Staunton riyer at Clark 8vil.l.e, Virginia. 



No. 



1 
2 
3 



4 

5 
A 

i 



8 

9 

10 



11 



Date. 



Hydrographer. 



C. C. Babb 

....do 

. . . .do 



1886. 

Oct. 3 
Oct. 28 
Dec. 5 

1806. 

Apr. 22 .B. W.Myers 
May 28 I. ...do 

— do 

A. P. Davis . 



July 15 
Sept. 15 

1897. 

Feb. 26 
Moh. 18 
Sept. 29 

1898. 

Jan. 8 



E. W. Myers 

....do 

...do 



I 



E. W. Myers 



Meter 
No. 



29 
76 
62 



21 
21 
21 

68 



2154 
2154 
2154 



2154 






(feet). 



0.07 
0.28 
0.61 



1.37 

1.14 

2.64 

-0.06 



11.95 

3.68 

—0.25 



0.70 



(square 
feet). 



550 
660 
917 



1.256 

1,401 

1,800 

728 



7.250 

2,838 

610 



992 



Mean 
velocity 
(feet per 
second). 



Discharge 

(secoDd 

feet'. 



0.97 
1.31 
1.26 



1.58 
1.39 
2.25 
1.03 



4.03 
2.93 
1.25 



1.97 



S3A 

(HI 

1J51 



1.971 
1.966 
4.252 

74*» 



29J»» 

8,ae» 

7B3 



1.960 



Rating-Table for Staunton river at Clarksville, Virginia, for 1896. 



Gauge 
height. 


Discharge. 


Gauce 
height. 

Feet. 


Discharge. 


Gauge 
height. 

Feet. 


Discharge. 


Gauge 
height. 

: Feet. 


' Discbargp. 


Feet. 


Sec. feet. 


OvC* 1 V90 V* 


Sec. feet. 


, Sec. feet. 


0.00 


685 


1.40 


2.096 


6.00 


10,100 


8.60 


20.200 


-0.10 


630 


1.60 


2,396 


5.20 


10,660 


8.80 


SO.800 


-0.20 


580 


1.80 


2,715 


6.40 


11,200 


9.00 


21,40U 


-0.30 


535 


2.00 


3.050 


5.60 


11,750 


9.20 


1 22,00) 


-0.40 


500 


2.20 


3,895 


6.80 


12.300 


9.40 


' 22.600 


-0.50 


470 


2.40 


3,760 


6.00 


12,850 


9.60 


23.200 


-0.60 


440 


2.60 


4,150 


6.20 


13.400 


9.80 


28jno 


-0.70 


410 


2.80 


4,600 


6.40 


13,960 


10.00 


24.400 


-0.80 


380 


3.00 


5,100 


6.60 


14,500 


10.20 


25,000 


-0.90 


350 


3.20 


6,600 


6.80 


15,050 


10.40 


1 25.600 


-1.00 


330 


3.40 


6.100 


7.00 


15,600 


10.60 


26,200 


0.00 


085 


3.60 


6,600 


7.20 


16.180 


10.80 


26.KIU 


0.20 
0.40 


H20 


3.80 


7,100 


7.40 


16,660 


11.00 


27,400 


980 


4.00 


7,600 


7.60 


17.240 


11.20 


28.tti:i 


0.«0 


1,160 


4.20 


8,100 


7.80 


17,820 


11.40 


28.600 


0.8U 


1.350 


4.40 


8.600 


8.00 


18.400 


11.60 


i 29,20(1 


1.00 


l.ortO 


4.60 


9,100 


8.20 


19,000 


11. W 


29.811) 


1.20 


1,810 


4.80 


9,600 


8.40 


19,600 


12.00 


3(:,44V 



Estimated Monthly Discharge of Staunton river at CLAKKiitviLLB, Virginia. 



[Drainage area, 3546 square miles.] 



Month. 



Dieoharge in second-feet. 



Maxi- 
mum. 



18im. 

February li».«60 

March 16,jy54 

April Z\m) 

May T.Ji25 

June 5.4.')() 

July ':*$,(«) 

August 2,459 

September :J,89U 

October HMKI) 

November 14,005 

December _ .'1.125 

3<i,000 



Mini 
mum. I 



1,8.'>2 
1,8.")2 
1,TJJ2 

«80 
82;{ 
(P{5 

81»2 
1,IW{ 
l,i4ri 



Mean. 



4,.>54 
3.084 
3,99C» 
•J,240 
1.608 
.•J.611 

ms 

1,151) 
1,620 
1,979 
2.0(W 

2.427 



Total in 
acre- feet. 



261,946 

I89,f«r> 

237.441.'. 

137.7:37 

Jfe'>,rt82 

222.t>4<) 

52.S81 

68.425 

99,614 

117,a-)0 

]2:J,4?i 

1.606.687 



Run-Off. 



Depth in 
inches. 



1.42 
1.02 
1.28 
0.76 
0.52 
1.20 
0.2K 
0.37 
0.64 
0.63 
JK67_ 

8.6R 



Second -feet 

per square 

mile. 



1.32 
0.89 
1.15 
0.65 
0.46 
1.04 
0.24 
0..33 
0.47 
0..57 



0.58 



0.70 



Estimated. 
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BESULT8 OF STREAM MEASUREMENTS. 



NUALS STATIOir, OIT THB BOAHOXE BIVEA. 

The gauge on this stream is located on the Norfolk and Carolina rail- 
road bridge which crosses the river near Neals station. The zero of 
the gauge-rod is over the center of the fourth floor beam of the seomd 
span from the north end of the bridge. The distance from the zero of 
die rod to the outer rim of the pulley-wheel is 2.47 feet» and the dis- 
tance from the end of the weight to the pointer on the wire is 44.66 
feet The section is a fairly good one, the river being straight for some 
distance above and below the station and the bottom smooth, but beuig 
muddy it is apt to cut out in seasons of high water, and both banks are 
also subject to overflow, the river sometimes attaining a width of erne 
and one-half miles during high rises. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the U. S. Geological Survey. 

List of Discharge Measurements made on Roanoke river at Neals, North Caroi^ina. 



No, 



1 
2 
3 



4 

5 
6 

8 



10 



Date. 



Hydrogrrapher. 



Meter 
No. 



1896. 

July 27 
Sept. 7 
Dec. 19 

1897. 

Jan. 23 
Feb. 27 
Mar. 17 
May 17 
Oct. 1 

1898. 

Jan. 11 
May 10 



E.W.Myers 2164 

....do 2164 

....do 2164 

E. W. Myers 2164 

....do 2164 

....do 2164 

...do 2164 

— do 2154 

E.W.Myers 2154 

.... do 2154 



Gauge 
beiflfht 
(feet). 


Area of 

section 

(square 

feet). 


7.06 

1.31 

11.80 

12.66 
27.96 
24.71 

18.40 
1.00 

4.43 
22. .W 


8,162 
2448 
6,214 

6,661 
44,666 
31,690 

7,240 

1,644 

2,606 
8,140 . 



Mean 

velocity 

(feet per 

seoond). 



1.63 
1.21 
1.76 



2.37 
1.44 
1.19 
2.66 
1.24 



1.66 
3.42 



Discbarge 
(second- 
feet). 



4.819 
2,610 
»,180 



18466 
64.1S! 
37,659 
19,219 
1,9S8 



4,3)4 
«>*.8W 



Ratino-Table for Roanoke kiver at Nkat^^s North Carolina, for 1897. 



Gauge 
height. 

Feet. 

0.00 
0.20 
0.40 
0.«0 
O.HO 



.00 
.'A) 
.40 
.«) 
.80 
2.0(» 
2.20 
2.40 
2.W 
2. MO 
.'{.00 
3.20 
a. 44) 

•.\.m 

4.1KI 



Discharge. 


Gauge 
height. 

Feet. 


I 

Discharge. > 


Gauge 
height. 

Feet. 


Discharge. 


Gauge 
height. 


Sec. feet. 


Sec feet. 


Sec. feet. 


Feet. 


2.000 


4.20 


33)0 


8.40 


6,060 


16.50 


2,020 


4.40 


3,400 


8.«) 


6,240 


17.00 


2,040 


4. (JO 


3,500 


8.80 


4»,420 


17.50 


2.060 


4.80 


3,600 


9.00 


6,600 


18.00 


2.100 


5.00 


•3,700 


9.20 


6,780 


18.60 


2,140 


5.20 


3.K)5 


9.40 


6.960 


19.00 


2,190 


5.40 


' 3,915 


9.60 


u 7,140 


19.60 


1 2,240 


5.(M) 


4,025 


9.80 


7,;t» 


30.00 


2,2iM) 


5.«) 


4,i:io 


10. (X) 


7,500 


20.50 


1 2,:U0 


6.00 


4.2:i5 


10.50 


8.U)0 


21.00 


2.4(H) 


6.20 


4,:355 


11.00 


H,500 


21.50 


2,475 


6.40 


4,465 


11.50 


9,040 


22.00 


! 2,540 


1 «.H0 


4,5M5 


12. «) 


9,600 


22.50 


2,610 


H.HO 


4.705 


12.50 


10490 


23.00 


2,680 


7.01) 


4,KriO 


13.00 


10,800 


23.. 50 


2,750 


7.20 


5.010 


13.50 


1 11.460 


24.00 


2,8.'» 


7.44) 


.5.180 


14.00 


12.150 


2.5.00 


2,»15 


7.»H) 


5.;«o 


14.50 


12.8»K) 


26.00 


.3.005 


7.8U 


5,520 


lo.Ot) 


13.600 


27.00 


H,100 


H.OO 


.5,700 


15.50 


14,370 


28.00 


.3,200 


1 H.20 


5,HH0 


16.01) 


! IS.l.W 





Dischargv- 



Sec. feef . 

]6Jeo 
16,750 
17,565 
18,411) 
19.^^00 
20,300 
21,.3i« 
22,600 

25.000 
26,320 
27,700 
29,190 
30,8rt) 
32,570 
.34,650 
3e,2l« 
44.800 
5S,S00 
64,300 



NSAUB STATION OK THE BOANOEE BIVBB. 
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BATUtO-TABl.K TOR 


ROAKOKK HITEH AT NSAU. NOKTH CaHOUHA, FOR UBS. 
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11 
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KESOLTS OF STREAM MEASUBEMESTB. 





,j*.i 1 


II iM 


"'„■ 




nr 


I 




Vv 


JUKI 


■■ 


"K 


S"A 


T 


"I 


'A 


HOV 


„ 


TT 


























































1 


































































































































































































































































1 
























































































































1 


























































II 1 




I 






















































1 


1 








1 




















































,1 


















































ij 






1 






,1 






1 






1 


























1 




ri<«i«n 


'^apin'" m ' 























































O OF THE ROANOKE 





.rs 


IFQ 


,r"« 1 " » 


,."*i i S"i 


,'"S 


."S 


t."s 1 !r» 


T« \ .S'Si 1 










































1 


' 


[ 


"" 








































1 1 


1 




HW 










































II 






JW. 
















































IU» 
















































' Tl 


™ 














































'*" 
















1 








1 








































- 


i 


- 






















- 


JJ^ 








,1 


































1 




, 






l> 


1 
















I 


Lll 


z 


1 


1 


k 


1 


i 


i 


1 


1 


u 


1 


i 


1 


( 


i 


i 




1 


II 



— DIAORAM O 



'< cueic F 



TAILBOBO STATION ON THE TAB, BITEB. 

This station is in tlii' t' 
of the Atlfintic ( 'wist J.ini?, 
t'stnhlishcil July :i:>. ISiiij. 
of the tiflli floor iH'iUii fn> 
of the pulh-y-whcel is ^ : 



'Inrtjoro and is located on tlio iirid^'c 
■rosses the river litre. This gauge was 
<T(> of the gauge-rod is over the center 
1st end of the bndge. The outer rim 
n the zero of the gauge-rod, and the 
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distance from the end of the weight to the pointer on the wire is 38.30 
feet. The gauge-reading is zero when the weight touches the bottom of 
the stream. Measurements were taken here temporarily while the steel 
county bridge which crosses the river about one hundred yards above was 
under construction, and since that time have been made at the latter 
place. The section here is a good one, there being only one pier ob- 
struction, caused by a steel tubular pier, 13 feet in diameter. The 
bottom is of sand and mud but seems to change very little. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the TJ. S. Geological Survey. 



List of Discharoc Measurements made on Tar river at Tarboro, North Carolina. 



No. 



1 
2 
3 
4 



5 
6 

4 

8 

9 

10 



11 



Date. 



1896. 

July 25 
Sept. 5 
Sept. 17 
Dec. 17 

18»7. 

JaD. 33 
Feb. 38 
Mar. 15 
May 17 
July 29 
Oct. 2 

18W$. 

Jan. 13. 



Hydroffrapber. 



E. W. Myers 

....do 

A. P. Davig . 
E. W. Myers 

E. W. Myers 

...do 

. . . .do ....... 

. • . .do 

. . . .do 

.... do 

E. W. Myers 



Meter 
No. 



2154 

2154 

AH 

2154 



2154 
2154 
2154 
2154 
2154 
2154 



2154 



Oauffe 
helffht 

(feet). 



4.35 

0.43 

4.51 

13.20 



6.66 

13.58 

18.13 

6.30 

2.25 

-0.66 



2.30 



Area of 

section 

(square 

feet). 



1.061 

225 

1.081 

3,676 



1,823 
3.489 
5.263 
1.629 
744 
238 



87 



Mean 
velocity 
(feet per 
second). 



1.85 
1.67 
2.12 
2.35 



1.98 
2.32 
2.46 
1.87 
1.44 
0.80 



1.51 



Discharge 
(second- 
feet). 



1.963 

376 

2.294 

8.661 



3.520 
8,106 
12,993 
3,058 
1,079 
192 



1,323 



Ratino-Table for Tar river at Tarboro, North Carolina, for 1896. 



Oauffe 
height. 


Discbarge. 


Gauge 
height. 

Feet. 


Disc barge. 


Gauge 
height. 


Discbarge. 


GaugH 
height. 


Discharge. 


Feet. 


Sec. feet. 


Sec. feet. 


Fe«»t. 


Sec. feet. 


Feet. 


Sec. feet. 


0.00 


280 


4.00 


1,880 


8.00 


4,400 


12.00 


7.260 


0.20 


824 


4.20 


2.000 


8.20 


4,540 


12.20 


7,420 


0.40 


368 


4.40 


2,120 


8.40 


4,680 


12.40 


7,580 


O.flO 


412 


4.60 


2,240 


8.60 


4.i») 


12.60 


7,740 


0.80 


456 


4.80 


2,360 


8.80 


4,960 


12.80 


7,920 


1.00 


600 


5.00 


2,480 


9.00 


5,100 


13.00 


8,100 


1.20 


560 


5.20 


2.600 


9.20 


6,240 


13.20 


8,280 


1.40 


631) 


5.40 


2.?J0 


9.40 


5,380 


13.40 


8,460 


1.60 


710 


5.60 


2,840 


9.60 


5.520 


13.60 


8,640 


1.80 


791) 


6.H0 


2,970 


9.80 


5,660 


14.00 


9,000 


2.1X) 


870 


6.00 


3,100 


10.00 


5,800 


14.50 


9,460 


2.20 


950 


6.20 


3.220 


10.20 


5,940 


15.00 


9,960 


2.40 


1.035 


6.40 


3,:^) 


10.40 


6,080 


15.50 


10,440 


2.60 


1.120 


6.60 


3.460 


10.60 


6.220 


16.00 


10,940 


2.80 


1,220 


6. HO 


3,580 


10. H() 


6.380 


16.50 


11.420 


3.00 


1,320 


7.1)0 


.3,710 


11.00 


6.500 


17.00 


11,920 


3.20 


1.420 


7. at) 


3.S40 


11.20 


6.640 


17.50 


12.400 


3.40 


1,530 


7.40 


3,9H() 


11.40 


6,780 


18.00 


12,900 


3.60 


1.640 


7.W 


4,120 


11. tK) 


6,940 






3.80 


1,760 


7. HO 


4,260 


11. HO 


7 100 







BE8UI.TS OF STKEAH UEASCBEUENTS. 



BlTINATID tloi(THl,r DtBCBAHOI OF TaB KlTUl AT TARBOHO. NoI 
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EeriKATBD HO.VTHI.y DiHCHAtUie 



t Takboho. North Ca.huuba. 



Dl«cbarge Id leooDd-feet. | 
Mail- MlBl. 1 „^„_ . 



SecoDd-teel 



1 

January ; 4.M0 1 

February S,TB5 

Maroh 14,«n 

April I B-HOO ' 

May 3,Slfi ' 

June I 1.2W I 

July iT85 

August MO 

September S.480 

October ' no I 

November i 330) 

December SJTS ' 

Tbeyear U,«00 , 

1I«K. 

JaDuary 1 ^.WS I 

February ■ ' I.B«> ' 

Marcb 3.795 

April. 8,511) 

May 8.H10 

Judo 3.»» i 

July «,W7 I 

Bil'^miWr!!. '.'!:.' .'!'.;;!! '.';^i'' 4:^0 

October 1.430 , 

November 3,731 I 

December ^.050 



^11.330 
14SJUI 



SELUA STATIOH OV THE REDBE BIVSH. 
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FIO. M— OIAQHAM OF THE DAILY MEAN OISCHAHOE IN CUBIC FEET PEB SECOND OF THE TAB 

SBLUA STAIHON OS TKE NEUSX KEVSB. 
This station is located on the Southern railroad bridge about three 
miles from Selma, and the gauge was put in on July 29, 1896. The 
zero of the gauge-rod is over the center of the fifth floor beam of the first 
span from the south end of the bridge. The distance from the zero of 
the gauge to the out«r rim of the pull^ is 4 feet, and the distance from 
the end of the weight to the pointer on the wire is 41.05 feet. The 
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RESULTS OF STREAM MEASUREMENTS. 



bed of the river here is of sand and is liable to change by high water. 
The course of the river is straight and there is only one pier obstruction. 

A better section is found at the county bridge which crosses the river 
about three hundred yards below the railroad bridge, and it is here that 
the measurements are taken. The bottom here is harder and there 
are no pier obstructions. 

The tables of daily gauge heights for this station for 1896 and 1S97 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15. 
published by the U. S. Geological Survey. 



List of Disoharok Mkasurrmbitts madb on Neube riybr at 8elma« North Cabolixa. 



No. 



1 
2 
8 

4 
6 

A 

7 
8 
9 

10 
11 

12 



Date. 



1896. 
July 29 
Sept. 6 
Sept. 19 

1897. 
Jan. 24 
Feb. 28 
Mar. 10 
May IH 
July 27 
Oct. 1 

1896. 
Jan. 9 
Aug. 31 

1899. 
Feb. « 



Hydroffrapher. 



Meter 
No. 



;E. W.Myers 2154 

— do 

A. P. DavU 



2154 

68 



B. W. Myers 2154 

'....do 2m 

...do 2154 

I. ...do 2154 

'....do 21.'i4 

— do 2154 



B. W. Myers. 

.... do 



— do 



2154 
9 

87 



Gauge 
height 
(feet). 



1.18 
0.80 
0.00 

8.00 
10.60 
7.95 
2.40 
1.60 
-0.80 

1.80 
6.75 

15.68 



Area of 
section 

(square 
feet). 



286 
215 
220 

1,088 

1,842 

1,879 

497 

466 

146 

827 
1.208 

2,712 



second). ! ^••^ ' 



1.38 
0.94 
0.56 

1.74 
2.19 
1.9c» 
1.58 
1.48 
0.76 

1.80 
2.40 

2.88 



12S 



1,M0 
4.0ft:! 



7W 
694 
109 

42B 
2,902 

7.«rr 



Katinu-Tablb tor Neuse rivbk at Sblma, North Cahocina, for 1896. 



Gauipe 
height. 

Feet. 

0.00 

o.ai 

0.40 
0.60 
O.HO 
1.00 

i.a> 

1.40 
1.60 
l.Hl) 
2.00 
30 
40 
HO 



o 



.> 



I Discharge. 

Sec. feet. 
125 
; 155 

' 1H5 

220 

2m) 

800 

lino 

420 

500 
5.50 
1(00 



Oauve 
hpiorht. 

Feet. 

2. HO 
3.00 
3.21) 
.3.40 
3.01) 
3.H<) 

4.ai 

4.20 
4.4(1 
4.60 
4. HO 
5.00 
5.20 
5.40 



Discharge. 

: Sec. feet. 

TOO 

7.50 
j HOO 

I 850 

900 

«.IH0 

1,020 

; 1,080 

I 1,140 

1J») 

i.2m» 
l.:$io 
i.;«) 

1.450 



Gauge 
_h*»iRht. 

Feet. 

5. HI) 
5. HO 
H.OO 
H.20 
H.40 
H.HO 
H.HO 
7.00 
7.20 
7.40 
7. HO 
7.80 
H.H) 
8.20 



Discharge. I ^Xht. 



Sec. feet. 
1.515 
1.5H0 
l.tAl 
1,?J0 
1.790 
l.HHO 
l.W») 
2,000 
2,0H0 
2.1H0 
2.240 
2.:tJ0 
2.44NI 
2.4«0 



Feet. 

8.40 

H.HO 

8. HO 

9.00 

9.20 

9.40 

9. HO 

9.H0 

10.00 

10.30 

10.40 

10.60 

lO.HO 

11.00 



Dii*charfe. 

Sec. Feet. 
2.5«» 
2,<W5 

2.H» 
2,931' 
.l,iHi» 

a.irti' 

3Ji«) 
3.4lt> 

3J>4<> 

a.680 

3.H55 

4.i«ti 
4.211^ 
4.41U 



Ej»timatki» Moxthi.v Disc'har(;e of Xki'sk rivku at Sei.ma, North Caroi.ixa. 

I DraiDave area. 1175 square miles.] 



Discharge in secood-fc^et. 



Month. 



wm. 



Maxi- 
mum. 



August 1,4.*^» 

September 1 Mr, 

October 2.i)Ni 

November 1.2«i 

December 2.<.0» 



Mini 
mum. 



170 

12.T 

140 
1n5 
:ii4> 



Mean. 



44:i 
2i:i 

:t»l 

s:4 



Total in 
acre^feet. 



27 j») 
12.»rr4 

li^.lOl 
5.1,741 



Run-off. 



I>epth in 
iDcn**s. 



0.44 
0.30 

o.:n 

0..30 
0.H5 

2.10 



Sec«nd-feet 

per siiusre 

mile. 



0.» 
U.^ 
0.27 
0.27 
0.74 



8BLUA STATIOS OH THE NEDSE BlVZIt. 
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» niTts AT 
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»?. 




». 


DlwlwrBe. 


KK. 
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DiBChitr 
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Feet. 


Sec feel. 
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Keel 

























































































































































































































































































































ESTIHATBD H9!ITHI.r 


Dl^CHABni 

tDnHQase a 


N«tl8B BIV-E 

rea lITSiQuare 


H AT SBLMA, 

mtleB.J 


NOBTB CaBOI, 


" 










DI^.-h.irtfeiNfl,.,ioi.l t.-tt. 


JSSL 


KuQ-oO. 


.UOeth. 


Mail- Jlini- 


Mean. 


Depth Id 
inches. 


Seoono-fi-M 




S30 


too 

Hill 

1 


if 

s 


'i 


o.sa 

U.H> 
0.2S 

si 


U"* 










































Kovemhe 








-i4 








I,8M 


TH 
















8«c-feet 




pV. 1 






•*. 
















S!i 


^ 


"i! 




? 






f' 




































r 


































T 






































































































































































































































































































i 








































































































































































































1 










































































1 




















































1 


- 


I 


^ 




1 


















































I 




1 


■ 






i 














1 


1 




























™ 


m 




d 




L 


1 




U 






















1 


I 


J 


1 




























. 















B£8DI.T8 OF 8TBEAU 1CEA6DREKENTB. 



RATINO-TaBLI »0B NBDM BtTIB XT 


SniiA. MOBTH Caboum. roR ISM. 


SlUbf. 
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Bbtimated Mo>rTHi.r Dibobaiuie 


or Nkuie hivkb at Sblma, North CAitnu>.i. 
area 1176 >qu>ni mllei.) 
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—DIAGRAM OF Tl 



N DI5CH*ft<je IN CUBIC FEET P 



MONOUBS STATION ON THE HAW AND DEEP BIVEBS. 301 

MOKCUBE STATION OK THE DBBP BIVE&. 

This station is located about one-fourth of a mile south of Moncure, 
Chatham county, North Carolina, at the covered wooden bridge of the 
Seaboard Air Line which crosses the river here, and about two miles 
above the junction with the Haw river to form the Cape Fear. 

This station was established May 5, 1898. The name of the observer 
is M. A. Moore, Moncure, Chatham coimty, N. C, a farmer and also 
bridge watchman, Uving about one hundred yards from the bridge. 

The gauge is a horizontal rod, well painted, divided into feet and 
tenths and securely nailed to the guard-rail of the bridge. 

The zero of the rod is 50 feet south of the north end of the second 
span of the bridge from the north. The outer rim of the pulley-wheel 
is 3.7 feet from the zero of the rod, and from the end of the weight to 
the pointer on the wire rope is 45.16 feet, the gauge reading zero when 
the weight touches the bottom of the river. 

The initial point for soundings is a notch cut in the guard-rail oppo- 
site the south end of the bridge and on the down-stream side. 

The channel is straight for some distance above and below the sta- 
tion. The current velocity is not great but sufficient for the purpose, 
and is well distributed across the stream. Both banks are rather low 
and subject to overflow. 

The bed of the river is of fine sand and mud and is probably subject 
to change in high water. 

MOKCTTBE STATION OK THE HAW BIVEB. 

This station is located about one and three-fourths miles north of 
Moncure, Chatham county, North Carolina, at the bridge of the Sea- 
board Air Line which crosses the river here, and about two miles above 
the junction with the Deep river to form the Cape Fear. 

The station was established May 6, 1898. The name of the observer 
is M. A. Moore, Moncure, Chatham county, N. C. 

The gauge is a horizontal rod, well painted, divided into feet and 
tenths and securely nailed to the outer side of the guard-rail of the 
bridge on the up-stream side. The two-foot mark on the rod is over 
the center of the second floor beam from the south end of the second 
span from the south end of the bridge. The outer rim of the pulley- 
wheel is 0.3 foot from the zero of the gauge-rod and the distance from 
the end of the weight to the pointer on the wire rope is 43.45 feet, the 
gauge reading zero when the weight touches the bottom of the stream. 

The initial point for soundings is a notch cut in the guard-rail oppo- 
site the south end of the bridge and on the up-stream side, the section 
bn this side being better than that on the down-stream side. 
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The channel is straight for some distance above and below the sta- 
tion. The current velocity is good and uniformly distributed across 
the stream. Both banks are rather low and somewhat subject to over 
flow in time of flood. The bed of the stream is of coarse sand and 
gravel and is probably not subject to any decided change in high wat^r. 

The current here is somewhat modified bv a fish dam about 150 vards 
above the bridge. 

The station is reached by private conveyance from Moncure. 

FAYETTEVILLE STATION ON THE CAPE FEAB RIVBR. 

In the summer of 1895 an examination was made of the river, and 
a station for measuring the flow was established at Fayetteville. The 
Weather Bureau has a substantial gauge fastened to the lower side of the 
east abutment of the covered highway bridge, this being about 400 
feet above the railroad bridge from which discharge measurements are 
made. For the lower 29 feet this gauge consists of a rod divided into 
tenths and firmly fastened to the abutment. Above the 29-foot mark, 
a scale is painted on the rock. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Xos. 11 and 15, 
published by the U. S. Geological Survey. 



List op Discharge Measurements made on Cape Fear river at Fayetteville, 

North Carolina. 



No. , Date. 



2 ' 



1895. 

Sept. *i6 
Dec. T 

1896. 



Hydrograptaer. 



3 
4 

5 
ft 

i 

H 

9 

10 


!. Apr. 5 
Apr. 25 
May 23 
.Tune 8 
June 8 
July 11 
Sept. 2 
Sept. 19 




1897. 


11 

13 


Mar. 12 
Julv 27 
Sept. 3() 




1898. 


u 

15 


Jan. 10 
Auir. 22 



C. C. Babb 

. . . .do 

E. W. Myers 

. . . .do 

....do 

. . . .do 

. . . do 

....do 

.. do 

A. P. Davis 

I 

E, W. Myers 2154 

— do 2154 

. do I 2154 

E. W. Myers ' 2154 

...do 9 



Meter 
No. 


Gauire 

taeiKht 


(feet). 


• ■ ■ • 


1.59 


• • • ■ 


2.90 


21 


19.30 


21 


4.(X) 


21 


4.00 


21 


10.00 


21 


9.20 


21 


49.10 


2154 


1.10 


tt8 


1.8« 



23.00 

7.00 
0.70 



:j.55 
28.35 



Area of 

section 

(square 

feet). 



4,868 

932 

1,270 

2.901 

2.44« 

22.352 

400 

517 



7,110 

1.701 

327 



7.58 
9,132 



(feet per 
seoond). 



2.16 
1.78 
l.(H 

i.ra 

1.72 

■»• •«'• 

1.29 
1.50 



2.35 

1.67 
1.29 



1.72 



(second 
feet) 



489 
1,109 



lOv'iSS 

1,618 

l,SSt 

5.011 

4,307 

51,115 

519 

770 



16, 1 1 < 
424 



1.303 
23.215 



FATETTEVUXB STATION OS THE CAPE FKAE BITER. 



Katiho-Tablb rOK Cape Peak h 



T FAVETTIVtI.LB, NOBTH C4HOLIKA. 1 



£W 




b^o'lS^ 


DlBcbu-oe. 


SSSB?. 
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Sec. feet. 
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Sec. feet. 
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Sec. f«et. 
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BHTIUATBD MUNTHLy DiSCHAHOB (If CAPB FCAK KIVEK AT FAYBTTBVILLB, I^ 

(Drainage area, 4.198 square mllet.] 
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Deormtwr. 

January'.. 
Februari" 
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JulJ* •:::.; 
SeptKiniwr 

November^ 
Decern tier. 
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"-*" 


(j.mr 



'MaxiiDum Hiiproilmate. 



BESDI.T6 OF STB£AU UEASUBXHENTS. 



HaTIHO-TaBI,!! ^ 



I Caps Frah r 



T rAVETTBVII.I.C NOHTH CaBOLIRA. n>B IWT-'K. 



£,W. 


Dilcharse. 


Feet. 


Dliobane. 


he'«Rt. 


DlBcbarge. 


S!;k 


Diicli»nr»i 
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Sec. feet. 


Sro. fe«t. 
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Fta. 2S.-DIA0RAM OF THE DAILY MEAN DlgCHARQE IN CUBIC FEET PER SECOND OF THE 
CAPE FEAR RIVER, AT FAVETTEVILLE, N. C, FOR 1B9T. <U. 8. 1. S.) 


li'a . "» "'» r"» .r« r » ii"« i "% ',v^ < '^^ iT,v "% 


^ , 






r~ 








1 


'I h"I4 I I" 


I -1 t ^ I 1 


"i : ::r :i: l lit l j 1 


giniMif ^nniiijiin! -' ijiiiin v nn 



,— OIAQHAM OF THE D 



T FAVETTEVILLE, K. C, FOB 1898, 



BAUBBUIIT STATION ON THE TASSHT BIVXB. 

The upper point of measurement for the Yadkin river is at the South- 
ern railway bridge near Salisbury. The section here ia favorable. A 
gauge was located here on September 24, 1895. The 10-foot mark on 
the rod is opposite tlie centre of the sixth floor beam on the lower side 
of the first span from the west end. The distance from the zero of 
the rod to the outer rim of the puUey-wheel is 1.85 feet. The length 
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of the wire rope and the weight is 55.10 feet The localily is reached 
by private conveyance from Salisbury. 

This river is known as the Yadkin for about thirty miles below tliis 
point, or down to the mouth of the.Uharie river, entering from the 
north in Montgomery coimty. Below this point it is known as the 
Pee-Dee. 

The tables of daily gauge height for this station for 1896 and 1897 
will be foimd in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the U. S. Geological Survey. 



List of Discharge Measurements made on Tadkin biter at Salibbitrt, 

North Carolina. 



No. 



1 
2 
8 



4 

5 
6 



7 

8 

9 

10 

11 



12 
13 
14 



15 



Date. 



1806. 

Oct. 
Oot. 
Deo. 



5 
26 
10 



1886. 

Apr. 20 
Auir. 20 
Sept. 14 

1807. 

Feb. 18 

Mar. 20 

Apr. 18 

Aug. 4 

Oct. 6 

180H. 

JaD. 17 
Apr. 1 
Aug. 13 

1800. 

Feb. 9 



Hydrograpber. 



C. C. Babb . . 

... .do 

.... do 

B. W. Myers 

....do 

....do 

E. W. Myers 

.... do 

. . . .do 

.. ..do 

— do 

E. W. Myers 

do 

....do 

. . . do . . 



Meter 
No. 



20 
76 
02 



21 

2164 

21 



2154 
2154 
2154 
2154 
2154 



2154 
2154 
2154 



87 



Gauge 
height 

(feet). 



1.44 
1.46 
1.74 



2.00 
1.60 
1.70 



4.20 
4.45 
3.90 
2.18 
1.40 



2.10 
3. 90 
5.00 



6.50 



Area of 

section 

(square 

feet). 



IJOO 
1460 
1.584 



1,668 
1,318 
1,486 



2,097 
8,486 
3.228 

1,768 
1,013 



1,412 
2.700 
3,328 



3,851 



Mean 
yelocity 
(feet per 
second). 



1.22 
1.38 
1.67 



1.87 
0.08 
1.66 



8.88 
3.44 
8.10 
1.08 
1.26 



1.81 
8.87 
8.38 



8.88 



Discharge 
(second- 
feet). 



1.457 
1.58P 
2,415 



2,916 
1,298 
2^ 



10441 
U,88: 

3.422 
1.300 



2.5«: 

9.110 

11;23T 



14,781 



Ratino-Table for Yadkin river at Salisbury, North CaroijIna, for 1896. 



Gauge 
height. 


Discharge. 


Gauge 
height. 


Discharge. 


Gauge 
height. 


Discharge. 


Gauge 
height. 


Discharge. 


Feet. 


Sec-feet. 


Feet. 


Sec-feet. 


Feet. 


Sec-feet. 


Feet. 


8ec.-fett. 


1.00 


500 


2.00 


3,000 


3.00 


6,400 


4.00 


9,800 


MO 


650 


2.10 


3,340 


3.10 


6,740 


4.10 


1046D 


1.20 


850 


2.20 


3,6W 


3.20 


7,080 


4.20 


10,540 


1.30 


1,050 


2.30 


4.020 


3.30 


7,420 


4.30 


10.940 


1.40 


1.275 


2.40 


4.3(10 


3.40 


7,760 


4.40 


U,390 


1.50 


1.500 


2.50 


4,700 


3.50 


8,100 


4.50 


11.840 


1.60 


1.740 


2.<50 


5.W0 


3.00 


8.440 


4.60 


12,290 


1.70 


1,980 


2.70 


5,3K) 


3.70 


8,780 


4.70 


12,740 


l.HO 


2,320 


2. SO 


5,720 


3.K) 


9.120 


4.80 


1.^300 


1.90 


2.6(K) 


2.5K) 


«,060 


3.90 


9,460 


4.90 


13,700 
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NOSWOOD STATION ON THE YADKIN BIVEB. 

Thia gauge was established September 1, 1896, at Blalock's ferry, 
about two miles from Norwood, N. C. The gauge ia a vertical rod 
securely spiked and braced to an overhanging tree near the ferry, and 
is divided into feet and tenths. The rod is referred to a bench mark, 
consisting of a lai^e nail driven into a notch cut in the root of a birch 
tree about 50 feet northwest of the rod, and the tree is immediately in 
front of the turn of the road leading to the ferry. The zero of the gauge 
is 5.93 feet below the elevation of the bench mark. The river here is 
about 960 feet wide, shallow, with a bottom of sand and small rocks, 
not subject to change by high water, and giving a good section for 
gauging. The measurements are taken from the ferry-boat. 

The tables of daily gauge height for this station will be found in 
Water Supply and Irrigation Papers Nos. 11 and 15, puhlidied by the 
U. S. Geological Survey. 
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' BTBEAU MKA8CBEUEITTS. 



CATAWBA STATION ON THE CATAWBA I 
This, the upper point at which measurements of discharge are made 
on this river, is located about one-fourth of a mile from the town of 
Catawba, on the Southern railway bridge that crosses the river at thu 
point. The zero of the gauge-rod is 23 feet east of the west end of the 
second span of the bridge, and the distance from the zero of the 
gauge to the outer rim of the pulley-wheel is 3 feet The distance frwn 
the end of the weight to the marker on the wire is 35.58 feet, the read- 
ing being zero when the weight touches the bottom of the stream. The 
section here is a fairly good one as the bottom ia smooth, but of sand 
or clay and seemingly liable to change by high water. The river is 
straight for several hundred yards above and below the station and the 
current velocity is fairly uniform all the way across. The section is 
somewhat obstructed by a sand-bank on the east side of the river a 
little up-stream from the station, which throws most of the water to 
the west bank, and the water near the east bank is shallow. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the TJ. S. Geological Survey, 
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FIO. 33.-DIAORAM O 

BOOK HILL STATION ON THZ CATAWBA B lVmt . 

The Catawba river, a abort distance soutb of tbe Nortb Carolina state 
line, is crossed by tbree railroad bridges, these being in succeBBion down 
stream, tbe bridge of the Soutbem railway, three miles soutb of Fort 
Mill, tbe bridge of the Seaboard Air Line (Georgia, Carolina and 
Northern) about three miles from Catawba JuBCtion, and below this 
the bridge of the Ohio river and Charleston railroad. Each of these 
was examined to ascertain the most desirable point for making river 
measurementa. It was decided that the highest of these crossings near Fort 
Mill was the most desirable, and a gauge was placed here on September 
8, 1895. It is fastened to the upper side of the guard-rail, the two- 
foot mark of the rod being over the center of the second vertical of the 
second truss from the south end of the bridge. The distance from the 
zero of the rod to the outer rim of the pulley-wheel is 1.30 feet, and 
the length of the wire rope from the pointer on the wire to the end of 
the weight is 52,96 feet. The station is reached by private conveyance 
from Kock Hill, S. C. 

Above this point observations of river height have been kept by the 
Weather Eureau at Mount Holly, X. C, this point being five miles 
north of the state line and nearly 25 miles from the Eock Hill station. 
A gauge here is attached to one of tbe piers, but readings have not been 
made since 1884. Measurements of dischai^e could not be satisfac- 
torily made at this point, as tbe river is very sluggish just under the 
bridge, and is said to be ponded by a dam one mile below. 

The tables of daily gauge height for this station will be found in 
Water Supply and Irrigation Papers Nos. 11 and 15, published by the 
U. S. Geological Sun-ey. 
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N DISCHARGE IN CUBIC FEET PI 



aAFTNET STATION OH TEE BBOAD BITER. 

This gauge is located on the Southern railway bridge about three 
miles from GafEney, S. C, and was established July 1, 1896, The zero 
of the gauge is IS feet east of the west end of the third span of the bridge 
from the east. The distance from the zero of the gauge to the outer 
rim of the pulley-wheel is 2.5 feet, and from the end of the weight to 
the pointer on the wire is 50.71 feet. The section under the bridge 
18 a good one, as the river is straight for several hundred yards above 
and below the bridge and the current velocity is uniformly distributed 
all the way across. The river here is broad and there are several pier 
obstructions. The measurements are therefore taken at a ferry about 
one-fourth of a mile above the bridge, where the river is much nar- 
rower. The measurements are taken from the ferry-boat. The section 
here is very good except that the bottom seems liable to cut out in high 
water. 

This gauge was broken September 30, 1898, and when it was re- 
placed it was moved to the ferry above where the gaugings have been 
made. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15, 
pnblished by the U. S. Geoli^eal Survey. 
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ASHEVILI.E STATION ON TEX FKENCH BBOAS STVXB. 

The French Broad river rises in western North Carolina and flom 
northeasterly, croesing the state line into Tennessee, where it flows into 
the Tennessee river. An examination was made from about Asheville 
down te the state line to determine the best point to make continuoiu 
measurements of discharge. The principal points examined were at the 
bridges at Asheville, at Marshall, 22 miles below, and at Hot Springs, 
16 miles further down. 
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At Afiheville four bridges cross the river. The uppermost of these 
is located just below the mouth of Swannanoa river^ about 1.5 miles 
above the city. This locality would be desirable for making measure- 
ments; but for the fact that the current is ponded and modified on the 
south side by a log boom directly imder the bridge. The river has a broad 
bend to the south above the bridge, tending to throw the greatest velocity 
toward the north shore during high water. This place can be reached 
from town by electric cars. The old three-span highway bridge, about 
one-fourth mile below the railway station, is at a poor section, the bottom 
being rough and uneven. The railroad foui^pior bridge one-fourth 
of a mile below this is at a still poorer place, and crosses the river diag- 
onally. The Bingham School bridge, 1.5 miles below the town, offers 
the best opportunity presented by any one of the four, although the bed 
of the river is rough and rocky. The bridge has three spans, each 91 
feet in length. The two piers in the stream are cylindrical columns, 
two feet in diameter, and thus offer but little resistance to the current. 
It was therefore decided to locate a measuring station here after an 
inspection of the river as far down as Hot Springs. The zero of the 
gauge-rod here is opposite the east edge of the fifth upright of the first 
span from the east and on the upper side of the bridge. The outer rim 
of the pulley-wheel is 3 feet from the zero of the gauge-rod, and from 
the end of the weight to the pointer on the wire rope is 26.03 feet 

On September 3 Mr. Babb measured the French Broad at Hot 
Springs, N. C, 38 miles below Asheville, the water at that time being 
22.80 feet below the top of the sixth iron support in the foot-rail on the 
lower side of the bridge, opposite the middle member of the first truss 
from the railroad side. The total discharge was ascertained to be 1359 
second-feet. On the same day a measurement was made at Marshall, 
16 miles above Hot Springs and 22 miles below Asheville. At that 
time the water surface was 19.69 feet below the upper end of the second 
floor beam of the second span from the north side. The discharge was 
computed to be 1490 second-feet. The section at this place is poor, the 
bottom rough, and it is not considered that the results obtained at this 
place are as accurate as those obtained at Hot Springs. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the U. S. Geological Survey. 
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SECOND OF THE FRENCH 




OOVSBNOBr'S ISLAND STATION ON THE TUCEASEEQEE BIVEB (NOV 
BBTSON CITY STATION). 
Tliia station was located on the Southern railway bridge about three 
miles above Bryson City and just below Governor's Island P. O., and 
was established June 26, 1896. The zero of the gauge-rod was 20 feet 
from the end of the second span from the south end of the bridge. The 
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outer rim of the pulley-wheel was one foot from the zero of the gauge- 
rod, and from the end of the weight to the pointer on the wire was 
26.75 teety the gauge reading zero when the weight touched bottom. The 
bottom is rocky and not subject to change, and the banks are high, but 
the section is not a good one as there are two bad pier obstructions and 
the bridge is across a bend in the river, the greater part of the current 
being thrown toward the west bank. The discharge measurements are 
not sufficiently comprehensive to justify the construction of a rating 
table for this station, which was abandoned March 25, 1897. 

On November 7, 1897, a new station was established on the highway 
bridge across this river, in the town of Bryson City. The bottom here 
is muddy and the water sluggish. The gauge-rod is of wood, well painted 
and is spiked and bolted by drift bolts to the down-stream side of the 
north pier. The gauge is read from the bridge. The initial point for 
soundings is the south end, up-stream hand-rail. The observer is H. H. 
Welch. 

List of Dischaboe Measukembnts made on the Tuokaseegee at Bbtson City, 

North Carolina. 
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Ratino-Tabue fob Tuokaseboee riveb at Bbtson City, North Cabolina. 
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JTJDBON STilinON OH THE IJTTIiS TENNBBBEB BIVEB. 

This station is located on the Southern railway bridge, about one- 
fourth of a mile below Judson and above the mouth of Sawyer branch. 
The zero of the gaugcrrod is 25 feet west of the east end of the second 
span from the east. The outer rim of the pulley-wheel is 2 feet from 
the zero of the gauge-rod, and the distance from the end of the weight 
to the pointer on the wire is 26.25 feet The gauge reads zero when the 
weight touches the bottom of the river. On the west side of the stream 
the bottom is rocky and very rough; on the east aide sandy, and the 
current is very swift. The river is straight for several hundred yards 
above and below the station. The section is not a very good one as 
there are two bad pier obstructions. The observer is K. C. Sawyer, 
Judson, N. C. 

The tables of daily gauge height for this station for 1896 and 1897 
will be foimd in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the U. S. Geological Survey. 

List of Discharge Measurements made ov Little Tennessee riter at Judson, 

North Carolina. 
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Ratino-Table for Little Tennessee river at Judson, North Carolina. 
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KUILFHT STATION ON TBB HZWASSBE BXVEB. 

This station is located on the liighway bridge crossing the river at 
Miirphy, North Carolina, one-half mile above the mouth of Valley 
river. The zero of the gauge-rod is 8 feet north of the center of the 
second full-length compression member frouL the north end of the 
bridge and on the down-stream side. The outer lim of the pulley- 
wheel is 2 feet from the zero of the rod, and the distance from the end 
of the weight to the marker on the wire is 29.1 feet. The reading of 
the gauge is zero when the weight touches the bottom of the stream. The 
section here is a good one, though somewhat obstructed by the remains 
of two old piers directly under the present bridge. The course of the 
river is straight for several hundred yards above and below the station 
and the current is fairly rapid. The bottom is hard and rocky and is 
not subject to any decided change by high water and the banks are 
high. 

During 1897 the wire gauge was twice cut and was replaced each time 
according to the figures for the elevation of the bench mark. On the 
final replacing, October 20, 1897, it was discovered that there was a 
difference of a foot between the old and the new data. At the time 
of the establishment of the station a tape was used which was broken 
at about the 1-foot mark, and it is thought that the allowance of this 
amount was not made in reporting the elevation of the bench mark. 
The discharges for 1896 and till October, 1897, are calculated on this 
supposition, and there is liability to error for the higher stages of flow, 
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as no extreme flood height gaugings have been made. These figures are 
then to be taken as only an approximation. 

The tables of daily gauge height for this station for 1896 and 1897 
will be found in Water Supply and Irrigation Papers Nos. 11 and 15, 
published by the U. S. Geological Survey. 



List of Discharok Mkasurkmbnts made on HiwASsn ritsr at Murpht, 

North Carolina 



No. 



1 
2 
8 



4 

5 
6 



7 
8* 



Date. 



1806. 

June 28 
Aug, 10 
Sept. 82 

1897. 

Aug. 20 
Got. 14 
Oct. 29 

1808. 

Jan. 21 
Sept. 8 



Hydrograpber. 



B. W. Myers 

....do 

• . • .do 

B. W. Myers 
.... do 

A. P. Davis. 

B. W. Myers 
....do 



Meter 
No. 



21 
2164 
2154 



2154 

2154 

94 



2154 




Gauge 
height 

(feet). 



8.82 
8.05 
4.01 



5.28 
4.76 
4.71 



6.05 
6.80 



Area of 

section 

(square 

feet). 



811 
278 
858 



808 
264 
277 



480 
634 



Mean 
velocity 
(feet per 
second). 



1.17 
1.87 
1.46 



i.n 

1.01 
0.91 



2.61 
2.56 



Discharfce 
(second- 

feett. 



517 



S28 
267 
258 



1,170 
1.610 



Ratino-Tablb for Hiwabsbe rxtbr at Murpht, N. C., trom July, 1806, to Auoust, 18B7. 



Gauge 
height. 


Discharge. 


Gauge 
height. 


Discharge. 


Gauge 
height. 


Discharge. 


Gauge 
height. 


DIaohargf. 


Feet. 


Sec-feet. 


Feet. 


Dec.—ieeb. 


Feet. 


Sec-feet. 


Feet. 


Sec-feet 


3.4 


136 


4.2 


540 


5.0 


1,130 


6.8 


1,790 


3.5 


175 


4.3 


606 


5.1 


1,210 


5.9 


1,875 


3.6 


215 


4.4 


675 


6.3 


1,290 


6.0 


1.950 


3.7 


260 


4.5 


745 


6.3 


1.370 


7.0 


iJSiO 


3.8 


310 


4.6 


820 


6.4 


1,460 


8.0 


3,660 


3.9 


360 


4.7 


805 


5.6 


1,635 


9.0 


4,510 


4.0 


415 


4.8 


970 


6.6 


1.820 


10.0 


5,510 


4.1 


475 


4.9 


1,060 


6.7 


1,705 


• • • • 





Rating-Table for Hiwassee river at Murphy, North Carolina, 
[Applicable from October 20, 1897, to December 31, 1808.] 



Gauge 
height. 


Discharge. 


Gauge 
height. 

Feet. 


Discharge. 


Gauge 
height. 

Foet. 


Discharge. 


O autre 
height. 

Feet, 


Discharge- 


Feet. 


Sec-feet. 


Sec- feet. 


Sec-feet. 


Sec-feet. 


4.6 


225 


5.4 


570 


6.2 


1,820 


7.0 


2,130 


4.7 


250 


6.6 


640 


6.3 


1,420 


7.1 


2.230 


4.8 


2W 


6.« 


720 


6.4 


1,530 


7.2 


2..^» 


4.9 


315 


5.7 


820 


B.6 


l,tt» 


7.3 


2.430 


r).o 


•m 


5.H 


920 


«.« 


1,720 


7.4 


2,530 


5.1 


400 


5.9 


1.020 


rt.7 


1,820 


7.5 


2,63li 


6.2 


450 


«.0 


1,120 


rt.8 


1.930 


• • a • 




5.3 


510 


tf.l 


1,220 


({.9 


2,030 


« • • • 
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ELECTRIC POWER TRANSMISSION. 



CHAPTER XVI. 

ELECTEIC POWER TEANSAIISSION/ 

A question of great importance with every manufacturing enterprise 
is the cost of power, since, in many such industries, labor constitutes the 
largest item in the cost of the products, and in none is it to be disre- 
garded. 

SOURCES OF ENEBGY FOB OPEBATING MACHINERY. 

The sources of energy upon which man relies for operating machinery 
and doing useful work are few: fuel, waterpower, wind, solar radiation. 
We are practically limited to the first two, fuel and waterpower. The 
wind is used to a very limited extent, as it is too uncertain and inter- 
mittent to meet the usual requirements of a source of power, and, 
though solar radiation furnishes an enormous amount of energy, yet, 
as a source of power for directly operating machines, it remains practi- 
cally unused. 

Sometimes one or the other of the two available forms of energy is 
to be found at or near the raw material, yet more frequently the mate- 
rial has to be transported to the power or the power transmitted to the 
material. The location of many of our manufacturing towns has been 
decided by desirable and ample waterpowers or the abundance and 
cheapness of fuel, without reference to the nearness of the raw mate- 
rials or the markets for the finished products. But as the item of cost 
of labor lessens by improvements in machinery and methods of manu- 
facture, the item of cost of transportation constitutes a larger per cent, 
of the cost of the finished product; hence the question of conveying the 
power to the material or conveying both power and material to some 
advantageous point grows in importance. 

DIFFEBENT MEANS OF TBANSMITTINQ POWER. 

The means employed for conveying or transmitting power for dis- 
tances exceeding a few hundred feet, other than by hauling fuel, are: 
cables, compressed air, hydraulic pressure and electricity. 

The hydraulic system of transmitting power is limited to a special 

* By J. W. Gore, Professor of Physics, University of North Carolina. 
22 
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class of work under favorable circumstances, and hence need not here 
be compared with the other methods of power transmission. 

In a recent book, " Electric Power Transmission," by Dr. Louis Bell, 
the three systems of power transmission — rope, pneumatic and electric — 
are compared. He assumes that 100 horsepower is developed by a steam 
plant, then transmitted two miles and delivered as a unit by each of 
these systems, the conditions under which they are operated bdng 
such as may be found in the practical working of the respective systems. 
The following table gives the data needed for a comparison. Under 
the head of operating expenses are included attendance, maintenance 
and interest on the money invested: 

Cost per "^ 

horsepower; 

System. Bffioienoy. Total cost. OperatinK expense, per year.M 

Rope 67^^ f02,000 . $88,500 $49.00 

Pneumatic M 82,000 26,000 48.00 

Electric .78 84,000 27,000 38.00 

The great difference in cost of the power delivered in favor of elec- 
tric transmission would be increased had a higher efficiency been 
assigned the electrical equipment — an efficiency of 80 to 85 per cent, 
being now commonly attained; and, also, if a comparison were made 
when the systems were operating at less than full load. 

Had the distance of transmission been limited to one mile the prob- 
ability is that the rope and the electric systems would have delivered 
the power at practically the same cost. 

Both the pneumatic and electric systems have the advantage over 
rope transmission when the power is to be divided into several units 
instead of being delivered as one unit. 

DEVELOPMENT OF ELECTRIC POWER TRAKSMISSIOK. 

Electric power transmission had its commercial beginning in 1S37 
with the introduction of Morse's system of telegraphy, the amount of 
energy transmitted being small and the cost quite high, but it has only 
been since the invention of the modem machines for generating elec- 
tricity in large quantities, and so much more cheaply than by the use 
of primary batteries, that the use of this form of power and its trans- 
mission have become such important factors in the commercial world. 

It is to street-car traction and lighting, two demands for energy in 
which the margins of profit are sufficiently wide to assure capital of a 
fair return on investment, that we are mainly indebted for the stim- 
ulus to the inventors and manufacturers of generators and motors, 
together with their various^ accessories, which has resulted in so brirf 
a time in producing the highly efficient electrical machinery in operation 
to-dav. 
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In the lighting industry the generator has proven its reliability and 
durability; the regulation and distribution of the current is completely 
solved, and the great rapidity with which the electric system of lighting 
has been extending is ample proof of efficiency and economy. 

The successful application of motors to the severe and varying 
requirements of the motive power for street cars demonstrates their 
ability to endure rough treatment, and the readiness with which they 
can respond to the changing demands for power. 

DISTBIBUnON OF POWEB IN THE FAOTOBY. EI4ECTBICITY COM- 

FABED WITH SHAFTS AND BEUTS. 

In manufacturing plants of any size, power is needed at several more 
or less widely separated points, and as it is more economical to generate 
the power in large units than in several small ones, it becomes necessary 
to transmit the power from the place where it is generated to the sev- 
eral points where it is to be employed. 

This distribution of power through the mill or factory is usually 
accomplished by shafts and belts. * 

Without considering the cost of shafts and belts, the troubles that 
arise when shafts get out of alignment, or the annoyance of slipping 
belts, the dust they stir up and the room they occupy, we may briefly 
consider the efficiency of distributing power by shafts and belts, and 
compare with it the efficiency of poweivdistribution by electricity. 

The loss of power when transmitted by shafts depends upon several 
conditions besides accuracy of the construction of the line of shafting; 
such as distance, size of the units of power delivered at the several 
points, whether the line is straight or is angular, etc. 

From the most reliable sources we learn that it is exceptional to find 
the loss of power at full load to be as small as 25 per cent, in its trans- 
mission by shafts from engine to driven machine, and that from 30 to 
50 per cent, is the more usual loss. At half load and less, as much as 
76 to 80 per cent, may be lost in transmission. 

Should the power be transformed into electricity by a direct-con- 
nected generator of moderately large size, distributed by conducting 
wires of proper size to motors ranging in size from 5 to 15 horsepower 
the efficiency would be about 78.G per cent., since the efficiency of the 
generator would be 92 per cent., ihe line 97 per cent., and the motors 
would have an average efficiency of about 87 per cent Even at half 
load or less the efficiency of the electric-motor system would probably 
not fall below 70 per cfnt. 

In large plants the difference in the efficiency of transmission of 
power by shafting, even assuming: it to be as high as ^"0 per cent., and 
electric transmission with an efficiency of 78 per cent., means a large 
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difference in operating expense. If the plant is not run at full load the 
difference in efficiency in favor of the distribution by electricity is far 
greater. 

There are other questions besides efficiency to be considered in decid- 
ing in favor of either system. The cost of the installation of the elec- 
tric system would doubtless be the greater in all cases except under 
extraordinary conditions. However, there would be a saving in cost 
of buildings, as the wires take up practically no room and do not need 
special foundations as shafting does. Then, too, the cost of main- 
tenance is less, and certain classes of machines do more work when 
operated by separate electric motors under the immediate control of the 
operator than when dependent on the common power of the mill or 
factory. 

It is readily seen that many points would have to be considered in 
«ny given case before deciding in favor of either method of distributing 
power, when the greatest efficiency and economy is the aim, and the 
means for installing either system of transmission are available. 

FAOTOBIES OFKBATED BY ELECTRICALLY TBANSMITTED 

FOWEB. 

A few examples of the distribution of power by electricity will suffice 
to prove that the great efficiency claimed is not theoretical only, but 
has the endorsement of capital, and hence must be profitable. 

A fire-arms factory at Herstal, Belgium, is operated by electric 
motors, supplied by electricity from a generator, direct-coupled to a 
500 horsepower steam-engine. There are 17 motors distributed through 
the factory with an aggregate capacity of 305 horsepower. The effici- 
ency of the system from the shaft of the engine to the pulley of motors 
is 77 per cent. The installation has given such satisfactory results that 
the plant has been enlarged by the addition of another such unit. 

The motor has been tried at the Dunnell Print Works in Paw tucket, 
operating a seven-roll printing-machine. It is said that printing- 
machines present the greatest difficulties in the application of power 
of any machinery in textile manufacture, requiring varying speed with- 
out shock in the gradations, frequent stopping and an excess of power 
to start. 

It is stated that the production of this machine is at least 33^ per 
-cent, greater, driven by an electric motor, than when run by steam- 
power. After a trial of eip:htoen months Mr. Dunnell was so thor- 
'OUghly convinced of the superiority of electricity as the motive power for 
this class of work that he advised the employment of the electrical sys^ 
tern of distribution and a}>i>lication of power in all new print-works 
ihat mav be constructed. 
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The Page Belting Company, Concord, N. H., substituted electrical 
distribution of power for shafting in their extensive mills, and found 
it cheaper and more efficient. 

In this instance, according to the statement of the president of the 
company, the installation of the electrical plant was cheaper than a 
steam plant, capable of accomplishing the same amount of work. 

Probably we would not have had this direct comparison of cheapness 
of the two systems of distributing power generated by steam had it not 
been the expectation of the company to use electricity developed by 
waterpower at Sewalls falls on the -Merrimac river, four miles north of 
Concord. This waterpower, of 5000 horsepower, has been developed, 
and the belting mills are equipped to use 2000 horsepower of the elec- 
trically transmitted energy. 

An interesting case, in which the questions of transmission and the 
distribution of power were somewhat equally prominent,%is afforded by 
the power plant of the Columbia Cotton Mills, Columbia, S. C. The 
waterpower is obtained from a canal, built many years ago, for trans- 
porting boats past the rapids in the river. Between the canal and river 
is barely room for the power house, and a desirable location for the 
mill is on the opposite side of the canal, 800 feet from the power house. 
Had it been simply a question of transmitting the power this short dis- 
tance and employing it as one unit, the chances are that rope trans- 
mission would have been adopted, but upon considering also the distri- 
bution of the power through the mill, it was decided that electrical 
transmission and distribution was the more efficient and economical 
method. The power plant consists of two turbine water-wheels, direct 
connected, with two 500 kilowatt, three-phase generators, two 10 horse- 
power direct-current generators to excite the fields of the large 
generators, an electric water-governor and switchboard. The current is 
carried to the mill by cables placed under ground and distributed in the 
mill to 17 motors of 45 horsepower each. The motors make 540 revo- 
lutions per minute, start with full load, and will not stop if overloaded 
up to 125 horsepower. Being rotary-field motors, there is no rubbing 
contact and hence no injurious or dangerous sparking. The efficiency 
of the transmission of power from the shaft of the turbines to the 
pulley of the motors is between 75 and 80 per cent. The mill was 
started June 22, 1894, and has been in continuous operation ever since, 
the power transmission and distribution meeting the expectation of the 
General Electric Company that put in the electrical installation, and 
fulfilling the requirements of the owners of the mills. (Plate XV — B.) 

One of the most complete electric-power distribution plants that may 
be cited is doubtless the one that has recently been installed in the Gov- 
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ernnient Printing Office, Washington, D. C. A small electric plant 
was put in over a year ago as an experiment, and the public printer was 
so completely convinced of the reliability and efficiency of the electric 
system that the entire office has been equipped with this service. The 
power house is supplied with three engines and generators designed to 
run thirty days without shutting down, and to regulate so perfectly 
that the lights will not perceptibly vary imder any change of load. 
The current generated supplies 4000 16 candle-power lamps and 167 
motors, aggregating 579 horsepower. The motors are direct-con- 
nected to the presses and also to many of the other machines. The 
production of the presses has been increased many per cent, and the 
character of the work much improved, due largely to the constant speed 
of the motors. Among the many advantages derived from the appli- 
cation of motors to the machinery of this great establishment may be 
mentioned the removal of miles of belting which cut off a great deal of 
light, and many tons of shafting and pulleys, which produced a great 
deal of noise and dirt, besides the great strain on the floors. 

The efficiency of electrical distribution has been dwelt upon because it 
enters as an important factor in the more general question of electric- 
power transmission. 

B£LATIVE COST OF DIRECT STEAM-POWEB AND ELECTBICAIiLT 

TBANSMITTED POWEE. 

The cost of power provided by each of the two methods must be ascer- 
tained by a careful determination of the existing conditions in any par- 
ticular case. That is, an accurate estimate should be made of the cost 
of a power-transmission plant, its efficiency and expense of maintenance 
and operating it; also a similar estimate for a steam plant. 

While it is only possible to compare the cost of supplying power by 
these two ways for an average condition of things, yet this may be of 
service in calling attention to the probability of a given waterpower 
being economically available, as it may lead to the investigation of ques- 
tions which will doubtless result in developing some of the unused 
waterpowers of the state. 

COST OF 1NSTALLI^'G AND OPERATIXO ELECTRICAL PLANTS. 

The data used in the following estimates are obtained from reliable 
sources, and illustrate the various items of cost that obtain under avera£:e 
conditions: cost of installing a power-transmission plant of 100 horse- 
power; distance of transmission 10 miles: voltage 5000, total efficieucv 
80 per cent. : 
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Hydraulic work, including wheels, etc $6,000.00 

Generators and switchboard * 2,500.00 

Power-house 1,000.00 

Line 8,600.00 

Miscellaneous 1,000.00 

Total $14,000.00 

Operating Uxpentes : 

Interest and depreciation @ 10^ f 1,400.00 

Attendance 750.00 

Maintenance 1,200.00 

Interest @ 5^ on cost of water rights 200.00 

Total $8,550.00 

This calculation gives $3,550 as the cost of 80 horsepower delivered, 
or at $44.37 per horsepower per year. 

Taking a larger unit, say, 1000 horsepower; transmission 10 miles; 
voltage 1000; total efficiency 80 per cent., we would have: 

Hydraulic work, wheels, etc $55,000.00 

Generators 25,000.00 

Power-house 2,500.00 

Line 7,500.00 

Miscellaneous '. 10,000.00 

Total $100,000.00 

Operating Expenten : 

Interest and depreciation % lOj^ $10,000.00 

Attendance 8,000.00 

Maintenance 6,000.00 

Interest on cost of water rights @ 5^ 2,000.00 

Total $21,000.00 

Cost per horsepower per year of $26.25. 

The General Electric Company gives as the result of its experience in 
Circular No. 1008, " Electrical Transmission of Power,'' the following 
as a fair average cost of installing a plant: 

Development of waterixnver $50.00 per II, P. 

Geuerators, switchboard, and power-house 40.00 " 

Line " 25.00 " 

Water rii^hts aud incidentals GO. 00 " 



Total $175.00 



4i 



The efficiency of transmission being 80 per cent., the cost would be 
nearly $220 per horsepower delivered. Allowing 15 per cent, for 
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depreciation and operating expenses, we have a total cost per electrical 
horsepower per year of about $33. 

The cost increases some with distance, but not very much, until the 
distance reaches some forty or fifty miles, for by increasing the voltage, 
the cost of the copper may be kept practically constant and the poles 
should not cost over $250 per mile. 

Under favorable conditions the cost of transmitted power may be 
very much less than the above estimates indicate. A recently installed 
plant near Butte, Montana, for developing 5000 horsepower and trans- 
mitting 75 per cent, or 3750 horsepower, 21 miles, cost, complete, 
$400,000, or $106.66 per horsepower. Estimating operating expenses 
at 15 per cent., would give the power ready for distribution at $16 
per horsepower per year. 

COST OF INSTALLING AND OPERATING STEAM PLANTS. 

From the time during which steam-power has l:»een employed, it would 
naturally be supposed we would have definite data for computing its 
cost when the price of fuel is given. Accurate tests have freqiiently 
been made, and the results may be relied upon, provided the conditions 
under which the tests were made are maintained. But there is such a 
variety of boilers, with such varying ratios of grate surface to heating 
surface, and ratios of either to the amoimt of water to be converted 
into steam, that the problem is in general of uncertain solution. Then 
the rate of combustion of the fuel is a varying quantity, as also the 
temperature at which the products of combustion are allowed to esca}H} 
into the air. The condition of the atmosphere, whether it is moist or 
dry, light or heavy, effects the burning of the fuel. 

Users of steam-power rarely have a definite knowledge of what it 
costs them per horsepower. They doubtless know the araoimt of bills 
for fuel, wages, interest on plant, taxes, supplies and incidentals, but 
the imknown quantity is the amount of power that has been generated 
at the shaft of the engine. Usually the estimate per horsepower per year, 
if made, is computed on the rated hoi'sepower of the engine without 
considering that the chances are that they were actually obtaining an 
average of only a comparatively small fraction of the nominal capacity 
of their plant. 

The nearest we can come to a satisfactoiy solution of the cost of steam- 
power is to give the results of those who have made the subject a special 
study and have determined the cost under stated conditions. 

The following table, giving the cost of steam power per horsepower per 
year, is a summary of the researches on this subject by Dr. C. E. Emory. 
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Capacity of engine 500 horsepower, run at full load for 10 hours a day, 
308 days per year: 

Kind of ensrine. Coal $3.00 per ton. Coal $4.00 per ton 

Simple low speed $34.20 $39.94 

Simple low speed, condensing . . 36.77 80.73 

Compound, condensing 25.53 29.09 

In ordinary practice the- real cost would be from 25 to 50 per cent, 
more than that given in the table, since it is unusual for engines to run 
continuously at full load, and even when they do, the stoking is likely 
to be carelessly done, and it is most certain that the average engine does 
not measure up to its rating. 

After considering the efficiency of the various forms and classes of 
heat engines, Dr. Louis Bell summarizes results as follows, coal being 
taken at $3 per ton: 

Cost per Cost per 

horsepower hour, horsepower hour. 

Kind of enffine. fully loaded. partial load. 

Large componnd, condensing .... 0.8 c. to 1 c. 1 c. to 1.5 c. 

100 horsepower, simple 1.5 c. to 2.5 c. 3 c. to 5 c. 

20 horsepower, and less, simple. . . 7 c. to 12 c. 12 c. to 20 c. 

Taking an average from the data given, and from other equally reli- 
able sources, it is safe to say that steam-power will cost between $30 
and $50 per horsepower per year of 3080 hours, using engines of 250 
horsepower and over, while engines of, say, 100 horsepower, will put 
the cost at from $45 to $75. 

ADVANTAGES IN FAVOR OF ELECTRICALLY TRANSMITTED POWER. 

In connection with the relative cost of delivering power electrically 
transmitted and by steam, the advantages of electrical distribution must 
be considered. 

The convenience, safety and economy of space of the motor are suf- 
ficient to decide in favor of the use of electricity even when it can be 
obtained no more cheaply than steam-power. 

Indeed, there are very few places where steam-power can be devel- 
oped cheap enough to prevent electric-power finding a market in small 
amounts, even at $50 to $75 per horsepower per year. 

When the power is used 24 hours a day the advantage of electrically 
transmitted power becomes much more decided. In a steam-plant all 
the items in the expense of operating increase in proportion to the time 
of running except interest on the plant, taxes and insurance, while with 
the transmission plant only attendance, depreciation and incidentals 
increase in proportion to the time. 
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Since at least three-fourths of the operating expense of a steam plant 
is increased in proportion to the time of running, it is easily shown that 
the cost per horsepower for a 24-hour day is slightly more than double 
the cost for a 10-hour day, while electrically transmitted waterpower 
is only increased a little more than one-third for the increased time. 

The Niagara Falls Power Company has offered developed waterpower 
at $13 per horsepower per year, and electric-power at the generator 
at $18. Assuming that its transmission to BuflFalo cost as much as gen- 
crating the electricity, or $5 per horsepower, we would have the cost of 
electrical power at Buffalo $23 per horsepower per year, of 308 days 
and 24 hours per day. 

A careful estimate of the cost of steam-power in Buffalo was made 
before introducing electricity generated at Niagara, and found to be 
from $45 to $60 per horsepower per year (24-hour days), the units 
being large and coal very cheap. 

The only exact method of comparing the cost of power supplied by 
the two sources we are considering would be by ascertaining the cost 
of the products of a mill or factory operated by a transmission plant 
and the cost of similar products of a mill or factory at the same place 
operated by steam. Such a comparison would include the efficiency of 
the machines run by the different sources of power as well as the cost 
of power. Such statistics are difficult to obtain, as manufacturers do 
not advertise the cost of the products of their mills. 

From the number of power transmission plants installed within the 
past few veal's and the rapidly inereasiujr demand for electric. power, we 
are assured that in many cases at least there is a decided margin of profit 
in favor of electrically transmitted power. It might be said that it ir 
the fashion now to use electricity for all power purposes were it not an 
assured fact that capital invested in industrial enterprises expects a 
return in kind. 

SOME TYPICAL MANUFACTUBING PLANTS USING ELECTBICALLT 

TRANSMITTED POWEB. 

A brief refereuee to a few plants that have been in operation for a 
longer or shorter time mav illustrate the efficiencv and reliabilitv of 
this kind of power, as well as the various conditions under which it mav 
W' used and the distance transmitted. 

The tirst of tlie^e plants to l»e installed was by S. D. Warren A' Co- 
Cumberland Mills, ilaino. Their paper mills were at first driven Iv 
wnrerpowt-r: iip«»n i-iiIarLiinii- the mills, steam was employed. In 1S'*1 
they d».'veh>T>e«l a wat«-r|»o\ver one mile lower down the stream and in- 
stalled f«"»iir ^0 h"rs«p«>Tver Mather generators, and put six 40 horse 
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power motors in the mills. The plant has been continuously in opera- 
tion since it was started, running 24 hours per day, and has given satis- 
faction, both as to efficiency and cost As a result of their experience, 
they have, within the past three years, developed a waterpower of 500 
horsepower at a distance of five miles. This installation consists of 
two 250 horsepower alternating-current generators, each driven by two 
water-wheels. The current is transmitted at 7600 volts, transformed 
at the mills to 400 volts and distributed to the motors, doing various 
kinds of work. This addition to their power was not called for by an 
enlargement of the mills, but because electrically transmitted power 
proved to be cheaper than steam, even though their steam plant is to a 
considerable extent idle. 

Another electrical power plant which has been in operation long 
enough to give reliable results is furnishing part of the motive power 
for running the Nonatuck silk-mills at Leeds and Haydensville, Mass. 
These mills were first run by waterpower, then steam was added, and 
about seven years since a waterpower was developed and transmitted 
electrically to the mills. This waterpower had not been developed pre- 
viously, as the narrow gorge through which the small river runs at this 
point does not offer a favorable location for a mill. The generator sta- 
tion is of special interest because of its compactness. Three water- 
wheels are in one case. One wheel drives two generator, which supply 
current for 1000 lights in the mills; another wheel drives two 500-volt 
Thompson-Houston generators, which supply current at the Leeds mill, 
one-half mile distant, to drive a 45 horsepower motor belted to the 
main shaft, to which is connected the water-wheels of the mill and also 
a steam engine when needed; and it also furnishes current for two 
motors of 20 horsepower each and one of 10 horsepower, which drive 
machinery in separate rooms not connected with the other sources of 
power. The Haydensville mill, one and a half miles distant, receives 
current to drive a 45 horsepower motor, which is belted to the main 
shaft as at Leeds. Connecting motor and engine to shaft with water- 
wheels has proved very satisfactory, each supplying its quota of power 
and also acting as a regulator. The efficiency of the machines run 
directly by motors has been so much increased that it is probable the 
company will distribute all the power electrically. These mills only 
run 10 hours a day and coal is quite cheap, $4 per ton in the furnace. 
The plant has fulfilled the expectation of the company and has given 
satisfaction. 

The Sampson Cordage Company, at Shirley, Mass., has been trans- 
mitting 50 horsepower a distance of a half mile since 1893, using a 
500-volt, direct-current generator. The interesting feature of this 
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small power plant is the dispensing with the services of an attendant at 
the generator station. The water is turned on in the morning and off 
at the end of the day; the regulation, while in operation, is accom- 
plished by the aid of electricity by the attendant at the motor end of 
the line. Small streams of water are numerous, of sufficient fall, to 
allow several generating stations to be located within short distances 
of each other, and the power from all transmitted to a common point 
sufficient to operate a large mill. Since all the generators may be 
regulated by one attendant at the motor end of the system, the cost of 
the power thus assembled should, in many cases, be less than the cost 
of steam-power. 

At the Columbia Cotton Mills, Columbia, S. C, which have already 
been referred to (p. 341), since the distance of transmission is so small 
(800 feet), the distribution of the power was as important an element 
as its transmission in determining the system to be employed. 

The Columbia Waterpower Company, Columbia, S. C, has recently 
completed an installation of a 3000 horsepower plant, which may be 
increased to 10,000 horsepower. It consists of three turbines of 1250 
horsepower each, three 750 kilowatt generators (3-phase altematorSy 8540 
volts) with their exciters, water-governors, switchboards, etc. The 
Granby mills, manufacturing print cloths, is the largest customer at 
present. The current is transmitted 1^ miles and reduced by trans- 
formers to 550 volts for the motors and to 110 volts for lighting. The 
installation at the mills consists of four 150 horsepower and one 75 
horsepower induction motors and 1200 lights. (Plate XV — B.) 

There have been two other important power-transmission plants put 
into successful operation in South Carolina within the past three years. 

The Pelzer Manufacturing Company, Pelzer, S. C, began operating 
their large mill, >^'o. 4, during the early part of 1896, using electricity 
generated bv a waterpower, developed at a lower dam, 700 feet long 
and 50 feet high, on the Saluda river, three miles from the mill. The 
power-station, located on and just below the dam (Plate XV — ^A) 
is equipped with three 1000 horsepower, 3-phase, 3300-volt generators, 
exciters and necessary station apparatus. The installation of the mill 
consists of 21 induction motors and 1200 lights. Mill No. 3 is also 
supplied with current for one 400 horsepower motor and two 5 horse- 
power motors. 

During the latter part of 1895 the Anderson Water, light and 
Power Company, Anderson, S. C, began the transmission of electricity 
generated by waterpower on the Seneca river, six miles distant. This 
was the first long-distance transmission plant in the South, and the 200 
horsepower Stanley generator, 5500 volts, w^as the largest machine in 
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the country of so liigh voltage. The current is used for incandescent 
and arc lampe and motors. During the past year the Anderson Com- 
pany lias greatly enlarged its transmission plant by installing two 
600 kilowatt, 3-phase, 10,000-volt generators, the distance of transmis- 
sion being 10 miles. The current is supplied to three 300 horsepower 
synchronous motors in the cotton-mills at 600 volts, 70 arc lights and 
1500 incan descents, and several small motors in the town; the total 
horsepower delivered is reported to be 1425. 

The first power-transmission plant in North Carolina has been in- 
stalled by the Fries Manufacturing and Power Company of Winston- 
Salem. A waterpower in the Yadkin river, at the crossing of the 
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Mocksville branch of the Southern railroad, lias been devfloi:)ed by the 
erection of a. stone dam yielding 1000 horsepower at mean low water, the 
head being 10 feot. The power-house is placed immediately at the 
eastern eiul of the dam. Eight turbine wheels are geared to one shaft, 
which drives n 750 kilowatt, 3-phase, alternating-current Stanley gen- 
erator of 10,000 volts. Provision has been made for the installation 
of another equal unit by the coiistruetion of wheel-pita and foundations 
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for another generator. Two water-governors control six of the eight 
wheels. The electricity is transmitted 13^ miles by three No. 6 bare 
copper wires. Two barbed iron wires are placed above the copper 
conductors to protect them from lightning. The upper crosa-arms also 
• carry two telephone wires. In the erection of the pole line provision 
has also been made for the enlargement of the plant. The voltage is 
reduced at a transformer station in Winston-Salem to 1250 bv two 
sets of transformers, of three each, and distributed to the consumers of 
power as follows: Arista Cotton Mills, 300 horsepower; Wachovia 
grain mills, 80 horsepower; F. & H. Fries woolen mills, 80 horse- 
power; Fogle Bros., 50 horsepower; J. A. Vance, 80 horsepower; 
Winston-Salem Railway and Electric Company, 300 horsepower. The 
South Side cotton mill is supplied vnih current to operate a 800 horse- 
power motor from the station at 10,000 volts and reduced to 1250 volts 
by transformers at the mill. The Southern Chemical Company will 
be similarly supplied with 80 horsepower. These two customers being 
from 2^ to 3^ miles distant from the station, the voltage is not reduced 
until the mills are reached. Application for over 200 horsepower more 
has been made. The rated capacity of the plant has already been ex- 
ceeded, and to supply the demand the contemplated enlargement will 
have to be made. (Plate XVI.) 

The motors and electrical installation in the various mills belong to 
the power company. All motors of 50 horsepower and over are of the 
Stanley synchronous type, while the smaller motors for power and start- 
ing purposes are of the Westinghouse induction type. Electricity is 
sold by the meter at the rate of $20 per horsepower per year, 12 hours 
per day, with a minimum charge for 25 horsepower. For a 24-hoiir 
per day service the charge is $40 per horsepower per year. The tested 
efficiency of the entire transmission, from shaft of generator to pulleys 
of motor is 88^ per cent. The cost of the installation so far has been 
about $125,000. 

The plant was started for regular working the latter part of April 
of the present year. 

J. W. Gk)BE. 

Univehsity of Nokth Cauolina, July Ctth^ 1898 
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